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PREFACE. 


Tue PRESENT WORK completes the outline of the Organisation 
of the Animal Kingdom which was begun in that on the Inverte- 
brates.'!' They may be regarded as parts of a whole, having the 
same general aim, and, together, form a condensed summary of 
the subjects of my ‘Lectures on Comparative Anatomy and 
Physiology, according to the Classes of Animals,’ delivered in the 
Theatre of the Royal College of Surgeons of England in the 
years 1852, 1853, and 1854. 

In the choice of facts, as then and since acquired by science, 
I have been guided by their authenticity and their applicability 
to general principles. 

In the first, regard has been had to the agreement of several 
observers, or to the nature of the fact as making it acceptable on 
the testimony of a single expert. Appearances that require helps 
to vision are those that call for multiplied concurring testimony, 
and on such alone are offered the descriptions and illustrations of 
the microscopical characters of ‘ tissues’ premised to most of the 
chapters. 

In the second aim, the parts and organs, severally the subjects 
of these chapters, are exemplified by instances selected with a 
view to guide or help to the power of apprehending the unity 
which underlies the diversity of animal structures; to show in 
these structures the evidence of a predetermining Will, producing 


1 Lectures on the Comparative Anatomy and Physiology of the Invertebrate 
Animals, 8yo. 1843; 2nd ed. 8ro. 1855. 
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thein in reference to final purpose ; and to indicate the direction 
and degrees in which organisation, in subserving such Will, rises 
from the general to the particular. 

Anatomy, or the ‘Science of the Structure of Organised 
Bodies,’ is primarily divided into ‘ Phytotomy,’ or that of plants, 
and ‘ Zootumy,’ or that of animals. When particular provinces, 
classes, or species of animals have monopolised the time and skill 
of anatomist, auch special knowledges have received particular 
denominations: such as ‘ Malacotomy,’ or anatomy of mollusca; 
« Entomotomys, or anatomy of insects ; ‘ Ichthyotomy,’ or anatomy 
of fishes; ‘Ornithotomy,’ or anatomy of birds, &c. 

An animal may be dissected in order to a knowledge of its 
structure, absolutely, without reference to or comparison with any 
other, its species being regarded as standing alone in creation. 
The knowledge so gained, from the very limitation of the field of 
enquiry, may be must accurate and minute, most valuable in its 
application to the repair of accident, the remedy of injury and. 
decay, and the cure of disease. Such, eg., is ‘ Anthropotomy,’ 
or the anatomy of man, and ‘ Hippotomy,’ or that of the horse. 
Besides the numerous and excellent works on these special sub- 
jects, i may cite the ‘ Traité Anatomique de la Chenille du Saule,’ 
4w., T; the ‘ Anatome Testudinis Europez,’ 
fol., 1819, by Bosaxts; the ‘ Anatomie Descriptive du Melolon- 
tha culguris, 4t0., 1828, and the ‘ Anatomie Descriptive du Chat, 
4u,, 2 vols., by StRavs-DURCKHEIN; also, in application of the 
* The Camel, its Anatomy, Proportions, &c.,’ fol., 
be Exiga WALTOS i aa cansurpamed examples o€ ‘this 
cul kind of anatomical science. As applied to Man it 
ly called ‘Human Anatomy,’ and is, in strictness of 
syeech, one uf the manifold ways of human work. 

But the anatomist may apply himself to a particular organ 
instead cf a particular species, either exhaustively in one animal, 
ox by tracing euch o em throughout the animal king- 
Gora. The * Neurotuunies’ and * Neurographies’ to which JosEPH 
Sway. eg.. has devoted a laborious life, the ¢ Ostéographie’ of 
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De BLatxvILLe, and my own ‘ Odontography,’ are examples of 
this way of anatomy. Joan HunTeER assembled the evidences 
of his labours, in the unique and grand department of his Museum 
illustrative of anatomy properly 0 called, in series according to 
the organ, beginning with the simplest form, followed in succession 
by the progressively more complex conditions of the same organ, 
the series culminating, in most cases, with that which exists in 
the human frame. The mechanism of the organ is here unfolded, 
and its gradations were compared, to discover its mode of work- 
ing; and, as ‘ Physiology’ mainly consists in such determinations 
of fanctions or final aim, this kind of investigation of organic 
structures might be termed ‘ Physiological Anatomy.’ ! 

‘ Homological Anatomy’ seeks in the characters of an organ 
and part those, chiefly of relative position and connections, that 
guide to a conclusion manifested by applying the same name to 
such part or organ, so far as the determination of the namesakeism 

- or homology has been carried out in the animal kingdom. This 
aim of anatomy concerns itself little, if at all, with function, and 
has led to generalisations of high import, beyond the reach of one 
who rests on final causes. It has been termed, grandiloquently, 
* Transcendental’ and ‘ Philosophical ;’ but every kind of anatomy 
ought to be eo pursued as to deserve the latter epithet. 

‘A fourth way of anatomy is that which takes a particular 
species in the course of individual development, from the impreg- 
nated ovum, tracing each organ step by step in its evolution up 
to the adult condition. It is called ‘ Embryology’ and « Develop- 
mental Anatomy.’ 

A fifth way of anatomy is that which investigates the structure 
of an animal in its totality, with the view of learning how the 
form or state of one part or organ is necessitated by its functional 
connections with another, and how the co-ordination of organs is 
adapted to the habits and sphere of life of the species; but does 


1 See ‘Descriptive and Illustrated Catalogue of the Physiological Series of Com- 
parative Anatomy in the Museum of the Royal College of Surgeons,’ 4to. 6 vols. 
1832-1840 ; 2nd ed. vol. i. 1852. 
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not stop here, having for its main end the comparison of these 
associated modifications and interdependencies of organs in all the 
species of animals. As their degrees of affinity and the characters 
and circumscription of natural groups are hereby illustrated, this 
way may be termed ‘ Zoological Anatomy.’ 

In the hands of the anatomist the microscope has been mainly 
applied to the constituent parts of an organ, called ‘ tissues ;’ and 
the results of such research, combined with those of chemical 
tests, constitute a sixth sort of anatomy called ‘ Histology.’ It 
has been termed ‘ Microscopical Anatomy,’ but this is essentially 
only a more refined method of the scrutiny of organic part. In 
so far, however, as ‘ Hisiology’ treats of structure according to 
the proximate tissues common to different organs, it corresponds 
with the branch of the science which BicHar, its founder, called, 
loosely, ‘ Anatomie Générale.’! 

Finally, a seventh way in which the highest generalisations in 
biological science may be aimed at is that which is taken when 
we pursue investigations of form and structure beyond the animals 
that are to those that have been. Here, however, the anatomist 
is limited, as a rule, to such tissues and organs as are petrifiable, 
e.g., corals, shells, crusts, scales, scutes, bones, and teeth; but he 
has been stimulated to a degree of minuteness and accuracy of 
observation in this field of research to which few of the other 
ways and aims would have led him. In applying the results of 
such researches to the restoration of extinct species, physiology 
has benefited by the study of the relations of structure to function 
requisite to obtain an insight into the food, habits, and sphere of 
life of such species; and zoology has gained an immense accession 
of subjects through such determinations, with improved systems 
of classification due to the expanded survey of organic nature 
opened out by ‘ Palzontology.’ 

The word ‘ Anatomy’ is still commonly used to signify « Anthro- 
potomy,’ or Tuman Anatomy.’ Almost all begin the study of 
the science, as medical students, with the dissection of the human 


* Anatomic Générale, appliquée a In Physiologie, &e., 8vo. 1801, 
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body, and most end there ; but no special anatomy can be rightly 
and fully understood save on the basis of the general science of 
which it is an integral part. The reason lies in the diversities of 
organic structure being subordinated to a principle of unity. Of 
this principle, apprehended as an ‘idea’ or truth of reason, the 
understanding receives evidences in number and comprehen- 
sibility differing in different natural groups of the animal king- 
dom. Illustrations of the ‘idea’ will be found in the chapters on 
the Articulate Province and other parts of the ‘ Lectures on In- 
vertebrates,’ and, in accordance with the present phase of ana- 
tomical science, more abundantly in the present Work. True it is 
that in the first steps to organisation we seem tosee a tendency to 
disintegration, to » reduction of the primary whole to the sub- 
ordinate characters of a part. The first centre of sarcode, or 
undifferenced organic matter, however originated, yet with de- 
finite tendencies to formal charactér and course of growth (as in a 
Foraminifer, e.g.), buds forth a second centre of identical nature; 
this a third, and so on, until a group of such exists as an assem- 
blage of coherent homogeneous or like parts. ‘These, if clothed by 
a delicate crust of characteristic structure, constitute a chambered 
shell, straight, bent, or spiral, each chamber occupied by the 
same vital sarcode, outshooting filamentary food-getting processes 
through the shell-pores; in which seeming complexity the inci- 
pient unity or ‘whole’ is reduced to the ‘ part’ called innermost 
chamber, or is conceivable as a lesser whole in the larger one. 
The Annelides offer a familiar example of such repetitions of a 
primal complexly organised whole, by successive buddings in a 
linear direction ; the nerve-centre, the muscles, the skeleton-seg- 
ment, perhaps heart and gills, being regularly repeated in each, 
and thereby reducing the original whole to one of many parts of 
a segmented unity. 

Almost every organ in the progressively differenced organism 
initiates itself under a similar character of irrelative repetition, 
suggestive of operance akin to that of inorganic polar growths, as 
in a group of crystals, wherein each exemplifics the characters 
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of the mineral. or crystalline species, but is subject, like vital 
growths, to occasional malformation. 

As this principle of growth by multiplication of like parts is 
manifested more commonly and extensively in plants, it is illus 
trated in the ‘Invertebrate Volume’! under the term * Vegetative 
Repetition.” In the vertebrate series it is exemplified by the 
hundreds of similar teeth in the jaws of many of that low class 
(Pisces) in which true dentinal teeth first appear in the animal 
Kingdom, The numerous and similar many-jointed terminal divi- 
sions of the pectoral limbs of the fishes thence called «Rays, the 
multiplied similar endoskeletal segments of the vertebral column of 
these and other cartilaginous fishes, of murwnoids and serpents, are 
likewise lingering exemplifications of the low irrelative principle 
of development. 

4 In the vertebral embryo the first appearance of the parts of the 
skeleton, in gristle or bone, is asegmental one ; in fishes the mus~ 
cular system shows much, and in all Vertebrates a little, of the 
like segmental constitution of the trunk; the same idea is suggested 
by the symmetrical and parial origins of the nerves, and phy- 
siologists have mentally recognised 4 corresponding segmental 
condition of the myelon or spinal chord, which is visibly exem- 
plified in certain fishes. But these appearances are concealed by 
the general tegument; not exposed, as in the Articulates, in which 
the segmented skeleton is at the eame time tegument, A Verte- 
brate may be defined as a clothed sum of segments. But in this 
highest province uf the animal kingdom growth by repetition of 
parts rapidly gives place to the higher mode of development by 
their differentiation and correlation for definite acta and complex 
functions. Nevertheless, 1 am constrained by evidence to affirm 
that in the vertebrate as in the invertebrate series there is mani- 
fested a principle of development through polar relationa, work- 
ing by repetition of act and by multiplication of like parts, con- 
trolled by an opposite tendency to diversify the construction and 
enrich it with all possible forms, proportions, and modifications of 


© Op. cit, 2nd ed. p. 641. 
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parts, conducive to the fulfilment of a pre-ordained purpose and 
a final aim: these opposite yet reciprocally complemental factors 
co-operating to the ultimate result, with different degrees of dis- 
turbance, yet without destruction, of the evidences of the typical 
unity.! 

Thus, the dentition of Vertebrates will be seen to pass from 
irrelative sameness and multitude to the state in which the teeth 
in the same jaw are classed according to diversities of form and 
function, and where each tooth has its own character, bears its 
own name and symbol. 

In like manner may be traced the gradations by which the 
terminal divisions of the limb ascend from the multitude of many 
jointed rays, swathed in a common sheath of integument, to indi- 
vidual freedom, with reduction of number and of joints, and with 
a special form and action ; according to which each digit in the 
human hand, e.g., has its special name and symbol, and can be 
combined in action with any other digit for a particular purpose. 
The same principle, through reduction of number with differen- 
cing of the parts, is exemplified by the fact that the competent 
anthropotomist will distinguish and name each of the four and 
twenty ‘true vertebra’ of the human skeleton. 

In the Mammalian class there are four muscular pulsatile 
cavities concerned in the propulsion of blood; but they differ from 
those cavities in the Annelide, in each having its own special 
structure and powers, and being in such relation with another 
cavity that the whole can combine to effect two complete but 
mutually related systems of circulation, the four pulsatile cavities 
constituting one complex and perfect ‘heart.’ The ox has four 
bags for the digestion of food; but they differ from those cavities 
of the Polygastria, not only in their minor number and more de- 
finite structure as bags, but by each performing a distinct part in 
the process of digestion, and combining with the rest, in mutual 


* ‘This idea will be found more fully exemplified in my work, ' Principes d'Ostéolo- 
gie Comparée,’ 8ro. (Paris) 1855, p. 366, et seg. 
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of the body; such segments being composed of parts similar in 
number and arrangement. Accordingly, a given part or appen- 
dage in one segment is repeated in another, just as one bone is 
represented in the skeletons of different Vertebrates; and this 
representative relation in the segments of the same skeleton is 
‘serial homology.’ As, however, the parts can be namesakes * 
only in a general sense, as ‘ centrums,’‘ ribs,’ &c., and since they 
must be distinguished by special names according to their special 
modifications, as ‘ basioccipital,’ ‘ mandible,’ ‘ coracoid,’ ‘ humerus,” 
&c., I have called such serially related or repeated parts ‘ homo- 
types.’ The basioccipital is the homotype of the basisphenoid, 
and the humerus is the homotype of the femur: when the basi- 
occipital is shown to repeat in its ‘vertebra’ the element which 
the ‘odontoid process’ represents in the succeeding vertebra, or 
the basisphenoid in the preceding one, its ‘serial homology” is 
indicated. 

The extent to which eerial homologies can be determined 
shows the degree in which vegetative repetition prevails in the 
organisation of an animal. 

The study of homologies is comparatively recent ; much of this 
field of research remains for future cultivators, especially in 
regard to the muscular and nervous systems. 

‘When engaged in the ‘ third way’ of anatomy, and in making 
known the results of such labour as applied to the skeleton,! I 
found a great impediment in the want of names of bones. For 
these, when first studied, had been mostly described under phrases 
suggested by forms, proportions, or likeness to some familiar 
object, which they present in the human body. A reform of this 
nomenclature was an essential first step, and it is gradually 
making its way against the usual impediments. 

The best workman uses the best tools. Terms are the tools of 
the teacher; and only an inferior hand persists in toiling with a 
clumsy instrument when a better one lies within his reach. But 
‘he has been used to the other.’ No doubt; and some extra 


* On the Archetype and Homologies of the Vertebrate Skeleton, 8ro. 1848; and 
On the Nature of Limbs, 8vo. 1849. 


air PREFACK. 


practice is necessary to acquire the knack of applying the new 
tool. But in this acquisition a small capital of trouble will have 
been invested with a sure return of Inrge profits. A single sub- 
stantive term is a better instrument of thought than a paraphrase.! 
But the substitution of such terms for definitions is still more 
advantageous when they are suaceptible of becoming adjectives by 
inflection, Thus the term ‘notochord’ for ‘chorda dorsalia’ or 
‘dorsal chord’ enables one to predicate of species or groups of 
vertebrates as being ‘notochordal ;’ that single epithet implying 
that the embryonal body in question is, in them, persistent. A 
like advantage cleaves to ‘myelon’ for ‘chorda spinalis’ or 
‘spinal chord ;' the Physiologist, er., can then speak of ‘myelonal 
functions,’ and the Pathologist of ‘myclonal’ disease, with the cer 
tainty of being understood to signify properties and affections of 
the ‘spinal chord ;’ not, as in ‘spinal disease,’ that of its case, or 
‘spinal column.’ Tn regard to the part so called and its con- 
stituent ‘vertebra,’ their modifications are so many, eo charac- 
toristic, eo important, especially in the application of Anatomy to 
Palwontology, that I was early compelled in the latter kind of 
labour to substitute single pliable terms for the phrases ‘trans- 
verse process,’ ‘oblique’ or ‘articnlar process,’ ‘body of the 
vertebra,’ ‘ vertebral Jamina,’ ‘vertebral rib,’ ‘sternal rib,’ &e., 
by which the parts of the * vertebra’ were then designated. 
But the single names of parts and constituents of the 
segment culled ‘ esteocomma’ or ‘ vertebra’ have not merely the 
advantage above illustrated, as where the adjective ‘neuray 
physinl' can be applied to a ‘ridge, notch, or ‘ foram 
vertebral lamina (neurapophysix); the vertebral terminol 


hidden by the language of anthropotomy. The ‘term: pleur- 
apophysis’ and * hemapophysis’ imply parte of the segment corre- 


4 +Supecveripiial’ est, for «pare oacipitalisstrito si iinta partia ocipitalie owsin 
" of the eminent anthropotomist erator isthe 1 

Bexowrns, kc ii, tema to Yo.) ‘Sirailaely, in the preeent Work, 

+ Vertebrate’ as a substantive. We do not speak of o ‘Confederate’ anima 

sided word is sx unnecessary in regard to the * Vertebrate ' one. 
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lative in independency of development and elemental grade with 
the ‘neurapophysis,—a fact of high generalisation not only 
ignored but impliedly contradicted by the reckoning of the 
‘vertebral rib’ and the ‘sternal rib,’ or ‘ rib-cartilage,’ as bones 
distinct from, and countable with, that which the anthropotomist 
equally holds to be a single bone under the name ‘vertebra.’ 
Furthermore, as each distinctly recognisable part or thing must 
have its verbal sign, for the purposes of intelligible predication of 
its nature and qualities, the course of knowledge of the vertebral 
column would have enforced the origination of such signs irre- 
spective of the abstract need of improving the mental tools of 
anatomy. 

When it came to be discovered that ‘the transverse process 
of a cervical vertebra’ was other, and more than, as well as 
formally different from, the ‘transverse process of a dorsal ver- 

. tebra,’ and that this process was a different thing from the 
«transverse process’ of a ‘lumbar’ or ‘ sacral’ vertebra, the re- 
sults of such analysis necessitated the creation of a correspondent 
nomenclature. 

* Transverse processes,’ as such, are, a8 JOHANNES MULLER 
first pointed out, of two kinds; they are, in relation to hori- 
zontally disposed vertebrates, ‘upper’ and ‘lower ’—in our no- 
menclature, ‘ diapophyses ’ and ‘ parapophyses.’ Both kinds exist 
in the ‘ transverse processes’ of the neck from the crocodile 
upwards; and the seeming unity of the outstanding part in 
birds and mammals is caused by the soldering thereto of a third 
element — the ‘cervical rib’ of the herpetotomist, the ‘styloid 
process’ of the ornithotomist.' 

Referring to the ‘Introductory Chapter’ of the ‘ Archetype 
of the Vertebrate Skeleton,’? for further illustrations of the 
advantage of single well-defined terms, I will here only show 
how such advantage may be affected by reason of an unsettled 
definition, 

The anatomical term ‘organ’ has diverse significations. The 


+ Macartney, Art. ‘Birds,’ Rees’ Cyclopedia. * op. cit. 
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chief constituent idea is ‘ work for a special end? thus, the heart 
is the ‘organ’ of circulation; the lungs, the ‘ ongan' of respira- 
tion ; the liver, the ‘organ’ of bilification, &. But also, incipient 
stages in the development or formation of parts are called the 

' of such; ag., the periosteum is the ‘organ of bone,’ 
the pulp ix the ‘dentine organ;’ other parts of the growing 
complex tooth are the ‘enamel organ,’ ‘cement organ,’ &c. The 
parts in which independent cells, with special powers, originate, 
are also called the ‘organs’ of such; as, eg., the ovary is the 
“organ of ovulation;’ the testis the ‘organ of semination.” It 
is obvious, however, that the part which the more or less con- 
densed cellular basis, or ‘stroma,’ of the ovary or the testis may 
take in the production of the germ-cells or sperm-cells and eperma~ 
tozon is very different from that which the heart performs in the 
motion of the blood, or the lungs in the mutation of the air 
inspired. 

Zoological anatomy is now an indispensable instrument to the 
classifier, if not to the determiner, of the species of animale. The 
anatomist properly so called, but commonly qualified as the 
‘comparative’ one, makes known the results and applications of 
his comparisons of structure in zoological as well ax homologi- 
cal or anatomical works. ‘The ‘Ragne Animal’ and the * Legons 
d'Anatomie Compare’ of Cuvier exemplify these different appli- 
cations and ways of exposition of his science. 

‘As n zoologist or clazeifier, the anatomist avails himself of tho 
definite modification and full development of » part or organ, in 
dicating, and predicating of such conditions by speci 
for the required characters. The ‘fin,’ the ‘hoof, the * paw,’ t 
‘foot, the * hand, are to him so many kinds of limbs, the presen 

‘or absence of which serve to differentiate his groups anthrop 
tomical terms of parts of the brain reaching their full 
racteristic development in Mammals or in Man, ¢.g., 

* corpus callosum,’ ‘ hippocampus minor,’ ‘ posterior cerebral k 
&e., serve and are used, absolutely, for the same end; so likewise 





PREFACE. 


of the organ which observation had shown to define the groupe. 
The naturalist, thus enabled to place his subject in its proper 
class or order, is not concerned, as such, in knowing the homo- 
Jogical or transcendental relations of the part or character which 
has afforded him the means of effecting what he wished to do. 

Liyxxvs, to whom mainly is due the discernment of the power- 
ful instrament of well-defined terms in acquiring a systematic: 
Science of Nature, and to whom we owe our best knowledge of 
its use, so named the guiding parts of plants and animals, for such 
arbitrary or special application, in botany and zoology : to this 
end he differentiates the * bract,’ the ‘spath,’ the *sepal,’ the 
# petal,’ from the * leaf,’ as things distinct. 

What would be thought of the botanical critic who, quoting the 
definition of the flowers of Cyperaceous plants, as consisting, for 
example, of ‘glumes,’ should meet the statement by affirming that 
they were ‘nothing but little bracts,’ and who, then, with a show 
of profounder research, should proceed to expound the * bract’ as 
being the firet step by which the common leaf is changed into a 
floral organ? The answer is obvious. But what next might be 
suid, if it were pointed out that the objector bad obtained this 
very notion from the « Prolepsix Plantarum,’ or other homological 
writings of the author criticised, where such philosophical con- 
siderations, foreign to the classificatory work, were the proper aim 
and object? So, with regard to the zoological definitions and 
characters of Cuvier. Those which I have cited are open to tho — 
opposite averment that, ‘The “hind hands” of the Quadrumana— 
are nothing but “feet ;"? and the contradictor might th 
to demonstrate, with much show of original research, the ho 
‘of the ‘astragalus, ‘ caleanoum,’ * cuboides,’ * cuneiform 
&c., in order to establish his discovery that a hand and 


@ Anatomie Comparée’ had been quoted, as well as the zoole 

definitions in the “Régne Animal? the immortal author of the 
Jatter work would be shown to have hud previous possession of 
the pretended discovery. Moreover, in the * Cinquiéme Legon, 
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Articles VIL-IX. “Des os du pied,”’! the frame of the hind 
feet of Man, Ape, Lion, Seal, Elephant, &c., is shown to consist 
of homologous bones. Nevertheless the great zootomist, in his 
labour and character as zoologist, does not hesitate to define and 
differentiate the ‘foot,’ the ‘hand,’ the ‘ paw,’ the ‘fin,’ and the 
‘hoof,’ respectively : nor does he deem the demonstration of the 
unity underlying the diversity to make the ‘man’ an ‘elephant’ 
or a ‘seal,’ any more than it makes him a ‘ dog’ or an ‘ ape’! 

The ‘corpus callosum’ is defined as ‘a horizontal mass of trans- 
verse fibres covering the lateral ventricles, and exposed by divari- 
eating the cerebral hemispheres.’ If a group of mammals want 
such commissural fibres, and another group possess them, the 
classifier will avail himself of a well-defined term expressing such 
difference, without prejudice to his reception of any homological 
determination of the parts, or their rudiments,’ in anatomical 
works of the applier of the term. 

Only by ignoring such indication of the ‘rudimental com- 
mencement of the corpus callosum, may a semblance of superior 
knowledge be assumed by him who asserts, as an antagonistic 
proposition to an affirmation of ite absence as a zoological cha- 
racter, that the Marsupialia, e.g., do possess the ‘great com- 
missure, or ‘ corpus callosum,’ 

So likewise with other well-defined parts of the human brain, 
the homologues of which may not be traceable to the same extent 
down the mammalian series. KUHL, e.g., in Ateles Belzebuth,' 
TIEDEMANN in the Macaque® and Orang,’ Van per Korx and 
Vuouik in the Chimpanzee, and myself in the Gorilla, had 

* Lecons d’Anst. Comparée, vol. i. 1799. 

7 As given in the ‘ Philosophical Transuctions’ for 1837, p. 41. 

* Proceedings of the Royal Society, No. 72, and March 23, 1865, 

* Beitrige zur Zoologie und vergleichenden Anatomie, 4to, 1820, zweite Abtheilung, 
p. 70, Taf. vii. 

* Teones cerebri Simiaram, fol. 1821, p. 14, fig. ili. 2. 

* Treviranns, Zeitschrift fiir Physiologie, Bd. ii. 8. 25, Taf. iv. 

+ Nieuwe Verhandlingen der erste Klasse van het Koningl. Nederlandsche Instituut. 
Amsterdam, 1849. 

* Fallerian Lectures on Physiology, Royal Institution (March 18, 1861); reported, 


with copies of diagrams, in ‘Atheneum, March 23rd, 1861, p. 395. 
: ag 
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severally shown all the homologous parts of the human cerebral 
organ to exist, under modified forms and grades of development, 
in Quadrarhana, But because the presence or absence af the 
‘ergot,’ or © i pi minor,’ ws defined by TrepEaann 
(sce Vol. IL. p. 273 of the present Work), had been used as a 

character, the anatomical world has been deluged, since 
the date of the last undor-cited work, with descriptions and figures 
of the homologous part in the Orang and other Quadrumana, as a 
new discovery mainly serviceable as a battery of contradictory 
affirmations. 

Nevertheless the distinctive characters of the human brain, such 
n# the manifold and complex convolutions of the cerebral hemi- 
sphores, their extension in advance of the olfactory lobes and 
further back than the cerebellum, thereby defining a posterior 
Jobe, with the corresponding ‘horn of the lateral ventricle’ and 
“hippocampus minor,’ are as available to the zoologist in classifi- 
cation as are the equally peculiar and distinctive characters of 
the caleaneum, hallux, and other structures of the foot. 

So much, in connection with the ‘fifth way’ and application of 
anatomy, 1 regret to find myself compelled to state, in order to 
expose and stigmatise procedures which consist in representing 
the homological knowledge and opinions of an author by his de- 
finitions in a purely zoological work, and in suppressing al 
ference to the descriptions and stutements in the anaton 
writings of the same author, where his actual knowled, 
opinions on the nature and homology of parts are give 
where alone they ean be expected to be found. . 


Somewhat analogous to the course of observation y 
through the animal kingdom, from the lowest to the 
species, is that which traces each organ through the 
phases of its development in the same species, 

‘Phe right use of sense, in both ways, stores the understanding, 
‘empirically, with a series of facts, as the raw material for reasoning 
up to their principles. But Embryology has this inferiority, that 
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every species is such ab initio, and takes its own course to the full 
manifestation of its specific characters, agreeably with the nature 
originally impressed upon the germ. 

A perch, a newt, a dog, a man, does not begin to be such only 
when the embryologist may discern the dawnings of their respect- 
ive specific characters. The embryo derived its nature, and the 
potency of self-development according to the specific pattern, from 
the moment of the impregnation; and each step of development 
moves to that consummation as its end and aim. 

This truth has been masked to some apprehensions by the 
course of the developmental steps from the general to the par- 
ticular; the initial ones, more especially, offering likenesses or 
analogies to finished lower species exemplifying degrees of organi- 
sation in the animal kingdom. Each step differs in degree of 
difference from the analogous grade at which a lower species rests, 
and inversely as the advance of such species. Accordingly, the 
less the degree of difference, and the wider the resemblance or 
analogy spreads between the embryonal phase and the parallel 
grade in the series of species. 

The formation of the germ-mass (Vol. I. figs. 1-4, 422, 452)— 
the first step after impregnation—is a general phenomenon in 
animality (Vol. ‘On Invertebrates, figs. 48-56, 73, 74, 80-84, 
181, 209-212, 232); thereat and thereby the man resembles and 
behaves like the monad.' But, the germ-mass completed, the 
vertebrate at once circumscribes itself or withdraws into its 
vertebrality, The proteine substance is the seat of a chemical 
differencing, leading to excess of albumen along one tract, 
balanced by excess of gelatine along a parallel tract. Thus are 
laid down the bases of the myelencephalon and vertebral axis. 
The ‘notochord’ is soon followed by the protovertebral specks 
in double parallel series (Vol. I. fig. 5; Vol. II. fig. 133): the 
embryonal trace is established, and it is one of a vertebrate. . 

The formation of neural and hemal arches next follows; and 


' Compare the abore-cited figures with Ag. 17, ‘Lectures on Invertebrates,’ 2nd 
od. p. 29. 
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the phenomenon of the appearance of the latter, in which the 
blastemal ia accompanied by a vascular arch, with clefts inter- 
vening between contiguous arches, especially at the fore part of 
the embryo, has led to the idea that a reptile, bird, or mammal, 
is a flah before it becomes what it is tending to. True it is, that 
the embryos of these air-breathers float in fluid, and not any of 
them breathe the air until birth or exclusion, or near to exclusion ; 
‘but they do not breathe water; the oviparous air-breather has one 
kind of temporary lung, the mammiferous embryo another kind, 
each alike special to the class. From the vascular loops accom- 
panying the hwmal arteries branchiw are not developed; one only 
of the interhwmal fissures is deepened on each side, brought into 
communication with the pharynx, and straightway converted into 
the ‘ custachian tube,’ according to the precocious rate of growth 
and development characteristic of the special organs of sense 
and their appendages. No true branchial or piscine breathing 
apparatus is at any time, or in any degree, manifested in the 
embryo of an air-breathing vertebrate, The deepening and open- 
ing of several interhwmal fissures in the embryo of a perch, and 
the subsequent course of development therewith of gill-arches and 
gills, with their subservient mechanism of branchiostegal rays and 
the opercular lid or door, are as distinctive manifestations of the 
original nature of the fish, as is the vascular lining of the egg that 
of the bird, or the vascular arrangement for borrowing breath — 
from the mother that of the foetal mammal. 

At the incipicnt stages of these provisional and 
respiratory conditions the circulation in the embryo 
beast, is like that of a fish in its simplicity ; buts as Ts 


which not only distinguish the embryo of the air-breath 

that of the water-breather, but also the embryo of the mammal 
from that of the bird or reptile; 20 soon is the course of deve~ 
lopment affected by the specific taint! 


+ GB in ‘Zeitschrift flir Physiologie’ vol. fv. and ‘Edinburgh New Philosophiowl 
Journal,’ 188%, vol. xili. p. 76-86 
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cation, If a species be gifted with acute hearing, and the move- 
ments of the eardrum require several ossicles, these, like che 
labyrinth, grow to full size in the embryo, appropriating the 
Diasterma of the contiguous hwmal arch, and proportionally re- 
ducing, by arresting the development of, the plourapophyeia of 
such arch, The inherited tendency to a special or specific form 
which thus influences carly developments and growth of parts has 
misled some who have mistaken such for homological or archetypal 
characters, But the determination of these characters ix arrived 
at by other routes of research ; and, so reached, such determination 
serves to explain many of the phenomena of development which 
otherwise would remain as mere empirical facts, 

Embryology, ¢.g., shows that in the human fetus the sternum 
is developed from a series of ossific centres (Vol. II. p. 655, fig. 
364), whilst the co-articuluted clayicle—as long a bone-~is de- 
veloped from a single ossific centre, and a contiguous rib, though 
of greater length, is also hardened from a single ossific contre; 
but embryology affords no explanation of the reason of such dif- 
ference. That is afforded by a knowledge of the archetype 
skeleton, which teaches that the sternum—reckoned as a single 
bane in anthropotomy—consists of a series of vertebral elements, 
but that the rib and the clavicle are single clementa. 

Embryology shows that the canon-bone of a ruminant, re- 
garded as a single bone by the veterinarinn, is developed from five 
ossific centres ; two on the same transverse line near the middle, 
one on the upper, and a pair which soon coalesce at the lower end. 
But no clue is afforded to the signification of these several cen- 
tres: embryology is no criterion of their homologies; these are 
determinable on other grounds or * ways ef anatomy.” 

‘A knowledge of the ‘Nature of Limbs,’ derived from homolo- 
gical studies leading to a recegnition of the archetype, could alone 
determine that two only ont of those five centres represent dis- 
tinct bones in the typical pentadactyle foot of the mammal; the 
rest having no such signification, but serving to perfect the ulti- 
mate growth as ‘ epiphyses.' So likewise with the collar-bone 
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and rib. Ata period long subsequent to the deposition of the 
first centre of bone, a second appears at the sternal end of the 
human clavicle, and two are added to complete the head and 
tuberele of the rib, the shaft of which had been ossified by growth 
from a single centre. 

Recognition of the archetype skeleton elucidates the empirical 
fkets of embryology, and teaches us to distinguish between the 
points of ossification of a bone in a higher vertebrate which sig~ 
nify or anawer to bones that retain their distinctness in lower 
vertebrates, and the points of ossification which merely help out 
the growth or have their final purpose in the exigencies of the 
young animal. A lamb or foal, e.g., can stand on its fore legs 
shortly after it is born, and soon begins to run and bound, The 
shock to the limbs themselves is broken at this tender age by the 
cushions of cartilage at the ends of the shafts, and which continue 
for some time to be interposed between the ‘ epiphyses’ and * dia- 
physis’ ‘The jar that might affect the lange and pulpy brain or 
‘the immature man is similarly diffused and intercepted by the 
“epiphysial” extromitios of the vertebral centrums, 

‘Such final purpoee in the several centres of ossification of the 
vertebral bodies and the long bones of the limbs of mammals does 
not apply to those of reptiles; and no epiphyses with interposed 
cartilage attend the growth of the limb-bones of sauriang and 
tortoises. But, when the reptile moves by leaps, ossification of 
the long limb-bones by distinct centres again prevail; the ex- 
tremities of the humeri and femora are ‘epiphyses” in the frog. 

affords no criterion between the ossific centres that 

have a * homological ’ and those that have a ‘ teleological ® signifi 
cation, A knowledge of the archetype skeleton is requisite to 
teach how many and which of the separate centres that appear 
and coalesce in the human, mammalian, or avian skeleton, re- 
present and are to be reckoned as distinct bones, or clementa of 
the archetype vertebra, For the want of this guide great and 
‘anatomista have gone astray. Thus Cuvren, comment= 

ing on the arbitrary enumeration of the single bones in the human 





TREFACE. 


keleton, affirmed that to learn their true number in any given 
species we must go to the first osseous centres as these aro 
manifested in the footus;' and Georrroy St, Hiiaire? concurred 
in this view. 

In the cartilages called ‘ epiphysial,’ that eke:out the ends 
sad mnrgins‘of  boies,, ossification. begins Inter than does that of 
‘the bone itself, The times of appearance of the oaseous nucleus: 
in the coracoid process and acromion of the human scapula well 
exemplify thia difference; in the coracoid, eg., at the first year, 
in the acromion at the fifteenth year. Embryology teaches the 
facts but affords not the reason. 

Special homology shows that the coracoid is « distinct bone, the 
acromion a mere process, in the vertebrate series. General ho- 
mology gives 'the ground of the distinctnees—the coracoid being 
the hemapophysis of the hemal arch of which the seapula proper 
is the pleurapophysis. In most mammals this hwmapophysis is 
stunted and terminates freely, like that of the last (floating) rib. 
In Monotremes it attaina and articulates with its hemal spine, as 
in the ‘true rib,’ and keeps this normal extent and condition 
through all the lower vertebrates. It is the typical state of the 
coracoid, which is departed from in all vertebrates above Mono- 
tremes: but such typical state is not passed through in the 
course of their development. As in that of other modified hemal 
arches, the maxillary, ¢.g., 0 in the scapular arch, the special coi 


‘intervening 
So far is embryology from being w criterion of homology. a 
Tn regard to what I haye reckoned a ‘seventh way of ana-— 


4+ Pour urvirle véritablo nombre dis os de chaque espden, il faut remonter jusqu'aux, 
eomiers noynux omseox tels qu'ils se montrent dans le fortus.’—Lecone ef Anatova: 
Fin ‘Bro. ed. 1835, tom. i, p. 120, 

¥ “Ayunt jmuginé de compter autant We quil y u de centres d'essification distiveto, 
et ayant essayé de suite cette anolére de faire, joi ew Weo di’ 

f—Anaclee de Meahen, tom. xp. 344. See, howerwr, the remarks on this 

point in my *Leerures on the Comparative Anatomy of the Vertebrate Animals, $va. 
TENG, P37, oy. 
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tomy,’ I would remark that the existing kinds of vertebrates 
constitute part only, perhaps but a small proportion, of those 
which have lived. Two large primary groups of fishes have 
almost wholly passed away ; but the Polypterus, Lepidosteus, and 
sturgeon yield the anatomist some insight into the structural 
modifications of the Ganoidei of AGassiz; whilst the shark, the 
skate, and the cestracion give a fuller knowledge of those of the 
Placoidei. 

Present reptiles form a mere fragmentary remnant of the great 
and varied class of cold-blooded air-breathing vertebrates which 
prevailed in the mesozoic age. More than half of the ordinal 
groups of the class, indicated by osteal and dental characters, have 
perished ; and it is only by petrified freces or casts of the intestinal 
canal, by casts of the brain-case, or by correlative deductions from 
characters of the petrifiable remains, that we are enabled to gain 
any glimpse of the anatomical conditions of the soft parts of such 
extinct species: by such light some of the perishable structures of 
these animals are indicated in the text. 

As vertebrates rise in the scale and the adaptive principle pre- 
dominates, the law of correlation, as enunciated by Cuvier,' be- 
comes more operative. In the jaws of the lion, e.g., there are 
large laniaries or canines, formed to pierce, lacerate, and retain its 
prey. Thereare also compressed trenchant flesh-cutting teeth, which 
play upon each other like scissor-blades in the movement of the 
lower upon the upper jaw. The lower jaw is short and strong; 
it articulates to the skull by a transversely extended convexity or 
condyle, received into a corresponding concavity, forming a close- 
fitting joint, which gives a firm attachment to the jaw, but almost 
restricts it to the movements of opening and closing the mouth. 


1 «Tout étre organisé forme un ensemble, un systéme unique et clos, dont les parties 
se correspondent mutuellement, et concourent & la méme action définitive par une ré- 
action réciproque. Aucune de ces parties ne peut changer sans que les autres changent 
aussi; et par conséquent chacune d’elles, prise slparément, indique et donne toutes les 
autres.’—Discours sur lea Revolutions de la Surface du Globe, sto. 1826, p. 47. In 
this definition Cuvier apprehended, exclusively, the operance of the differencing and 
adapting pole, and the law becomcs limited in its application accordingly. 
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‘The jaw of the Carnivore developes a plate of bone of breadth 
and height adequate for the implantation of muscles, with power 
to inflict a deadly bite, ‘These muscles require a large extent of 
surface for their origin from the cranium, with concomitant 
strength and curvature of the zygomatic arch, and are associated 
with a strong occipital crest and lofty dorsal spines for vigorous 
uplifting and retraction of the head when the prey has been 
griped. Tho limbs are armed with short claws, and endued with 
the requisite power, extent, and freedom of motion, for the wield~ 
ing of these weapons. These and other structures of the highly- 
organised Carnivore arc so co-ordinated as to justify Cuvier in 
asserting that ‘the form of the tooth gives that of the condyle, of 
the blade-bone, and of the claws, just ax the equation. of a curve 
evolves all its properties ; and exactly as, in taking each property 
by iteelf as the base of a particular equation, one discovers both 
the ordinary equation and all its propertice, so the claw, the 
blade-bone, the condyle, the femur, and all the other bones in 
dividually, give the teeth, or are given thereby reciprocally ; and 
in commencing by any of these, whoever possesses rationally the 
laws of the organic economy will be able to reconstruct the entire 
animal,’ * 

‘The law of correlation receives as etriking illustrations from 
the structure of the herbivorous mammal. A limb may termi- 
nate in a thick horny hoof. Such a foot serves chiefly, almost 
exclusively, for locomotion, It may ‘paw the ground, 
vub a part of the avimal’s hide, it may strike or kick; bu: 
cannot grasp, seize, or tear another animal. The terminal ungu 
late phalanx gives, as Cuvrer declares, the modifications of 
the bones that relate to the absence of a rotation of the fo 
and those of the jaw and skull that relate to the mas 
offered by brond-crowned complex molars. 

But there are certain associated structures for the coincidence 
of which the physiological law is unknown, ¢I doubt,’ writes 


1 Op. cit p49, 
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Covieer, * whether I should have ever divined, if observation had © 
‘not taught it me, that the ruminant hoofed beasts should all have 
the eloven-foot, and be the only beasts with horns on the frontal 
bone.’! I may add that we know as little why horus should be in 
one or two pairs in those ungulates only which have hoofs in one 
or two pairs; whilst in the horned ungulates with three hoofs 
there should be either one horn, or two odd horns placed one be- 
‘hind the other, in the middle line of the skull; or why the ungu- 
lates with one or three hoofs on the hind foot should have three 
trochanters on the femur, whilst those with two or four hoof on 
the hind foot should have only two trochanters.? 

- * However, continues Covren, ‘ since these relations are con- 
stant, they must have a sufficing cause; but as we are ignorant 
of it, we must eupply the want of the theory by means of observa- 
tion. This will serve to establish empirical Iaws if adequately 
pursued, a¢ sure in their application as rational ones’? * That 
there are secret reasons for all these relations observation may 
eonvinee us, independently of general philosophy.’ * The con- 
stancy between such a form of such organ and such another form 
of another organ is not merely specific, but one of class with 
corresponding gradation in the development of the two organs! 

* For example, the dentary aystem of non-ruminant ungulates * 
is generally more perfect than that of the bisuleates ; inasouch 
as the former have almost always both incisors and canines in the 
upper as well as the lower jaw; the structure of their fect is in 
general more complex, inasmuch as they have more digits or hoofs 
less completely enveloping the phalanges, or more bones distinct 


talaga * Quarterly Journal of she Geological Boolety, p. 138 1847. 
sont constants, il faut bien qu'ilsnient une cause suffisante, 
TONS ry a reaepingebap bay a rene rp de In théorie 
‘de Tobserration’—Op. eit. p. 50. 

+ un tableau de ors rupports, on y remarque non seul it 
a ea atrs tale forme do tl orproe 
oo Sarat ee ramadan 
‘ment de ces deux onganes, 
sque aussi biew qu'un raisunnemont effectif, leurinfluence mutuolle.’— 

Rayan 
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in the metacarpus and metatarsus, or more numerous tarsal bones ; 
ora more distinct and better developed fibula; or a concurrence 
of all these modifications, It is impossible to ussign 2 reason for 
those relations ; but, in proof that it is not an affair of chance, 
we find that whenever a bisuleate animal shows in ite dentition 
any tendency to approach tho non-ruminant ungulates, it also 
manifests a similar tendency in the conformation of its feet.’ After 
citing similar instances of such constant relations, Covi again 
declares that the pulwontologist ‘ must avail himself of the method 
of observation’ as a supplementary instrument when the reason or 
Jaw of such relations is undiscovered; and that he is most suc- 
coseful in the reconstruction of a whole from a part, who applice 
tothe task ‘efficacious comparison, guided by ‘tact (adresse) in 
discerning likeness.” 

As we descend in the seale of life from the grade illustrative 
of ‘Cuvier’s Law,’ the method of empirical observation becomes 
more and more essential, the tact with which it is applied being, 
however, in the ratio of the discernment of the correlations of 
structures. The results of the combined methods of interpreting 
fossil remains are leading to views of life transcending the gains 
to zoology 4 a record of well-classed species, or to physiology as 
illustrative of final purpose. A progress from more generalised 
to more specialised structures, analogous to that exemplified in 
existing grades of animal life and in successive phases of individual 
development, is appreciable in the series of apecies which have 
succeeded one another upon our planet. 

Certain structures which are transitory or rudimental in cxist-— 
ing species are persistent and developed in extinct. 


together to form the base of a vertically extended symmetrical 
tail-fin. In all palwozoic fishes the initial embryo-state persists, 
and the tail-fin, through thelength of the upper lobe retaining the 


1 Op. eit. 7 52, 
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terminal series of vertebre, is unsymmetrical. The process of 
differencing which leads to the ‘homocercal’ type begins in the 
mesozoic period and prevails in the neozoic. (See TABLE oF 
Sreata, &c., p, xxxviii.) 

A corresponding modification of the caudal vertebrae prevails 
in neozoie birds; but the embryos of the existing species show 
the terminal vertebra: distinct, in a tapering series, before they 
are massed into the ‘ ploughshare bone;’ and such, doubtless, was 
the law of development in all the extinct species which have left 
tertiary ornitholites. But the earliest and as yet sole evidence 
of the fossil skeleton of a mesozoic bird shows the retention of 
the embryo condition, with ordinary growth of the vertebre.! 

Modern ruminants are hornless when born, and have the me- 
tapodials supporting the phalanges of the cloven foot distinct ; 
at an earlier foctal period rudiments of upper fore-teeth start in 
the gum but do not get beyond it. The eocene mammal that first 
indicates the ruminant type retained the transitory, and developed 
the aborted, characters of its successors. The metacarpals and 
metatarsals never coalesced to form a ‘ canon-bone ;’ the upper 
canines and incisors were functional, but small and equal-sized ; 
and, as horns never sprouted, Cuvier called the extinct beast 
« weaponless’ (Anoplotherium). In modern horses the digit on 
each side the one supporting the hoof is undeveloped, and is 
represented by a concealed rudiment of the metapodial called 
‘splint-bone.’ In the miocene horses these metapodials reached 
their full length and supported hoofed digits, but of small size, 
like the ‘spurious hoofs’ of the ox. The eocene mammal initia- 
ting the type had these hoofs so developed as to form a functional 
tridactyle foot. Moreover, in the Paleotherium, certain teeth 
(symbolised in the present Work as p 1) which are rudimental and 
deciduous in the horse, were persistent and functional. The mesozoic 
marsupials manifested a lower or less differenced state of dentition, 
either by the degree of sameness of form (Phascolothere), or by the 
superior number (Thylacothere) of the molar series of teeth. 

' Philosophical Transactions, 1863, pp. 33, 45. pls. I. and III. 
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‘The ‘radiments’ of parts and organs which are retained un- 
developed, or do not acquire the state capable of acting, or * per- 
forming the function’ done by them in other species, are of two 
kinds: one exhibits the totality of the organ in miniature, as, 
eg., Iacteal glands and nipples of the male mammal; the other 
is a part of an organ, as, e.g., the fow concealed caudal vertebra 
in the sloth, to which other vertebros are ndded, with concomitant 
growth, to make the organ perfect for its function, as in the tail 
of the Megathere. Some rudiments show beginnings of parts 
which rise to perfection in higher species of the existing series ; 
others are remnants of organs that were fully developed and fune~ 
tional in extinct species, TiepEMANx's ‘ scrobic parvus in 
loco cornu posterioris’ in the brain of Macacue,! and the part 
which Vrourk believed bioisell entailed to regand as an idication 


beginnings of structures which show their full 
the human brain, and merit the nomenclature asi; 
in anthropotomy. 

‘The filamentary limb of Protopterus (Vol, I. fig. 101, 4), the 
didactyle Limb in Amphiuma (Ib. B), the tridactyle homologue in 
Proteus, axe beginnings of organs which attain 
velopment in higher vertebrates, The stylifurm metacarpuls und 
metatarsals in Eyuus, on the other hand, are remnants of parts 
of digits which were entire in Hipparion, and were functionally 
developed in Palwotherium, " 

Ruminants which habitually frequent heated arid p 
deserts, as the giraffes and camels, e.g., have lost 
and v, Vol. IL. fig. 193, or) that add to the resistance 
on swampy ground, as in the bison, elk, and reindeer 
311). 

‘The visual organ degenerates in species inbabi 
or recesses (Amblyopsis (Vol. 1. fig. 175), Leteropy: 


 Yooues cervbel Simmiarum, fol. p. 14, fg. ii. 2, 
* Vers). en Mededeel, der Kon. Abul.,alil, 1862, 7. 





PREFACE. maiii 


the craw-fish of the ‘Mammoth Cave,’ and numerous insects and 
arachnidans). 

Lepidopus, Trichiurus, Stromateus, exemplify fishes which lose 
the ventral fins entirely with age; they are rudimental in Gem- 
pylus, Psettus and Centronotus; Soleotalpa has only the right 
ventral developed and the left rudimental; the pectoral fins are 
rudimental in many pleuronectoids, either on both sides, as in 
Buglossus and Achirus, or on the blind side only, as in Monochir 
and many species of Synaptura, The ‘adipose fin’ of certain 
Siluroid and Salmonoid fishes is a rudimental dorsal, sometimes 
showing traces of rays. 

The prevalence of birds in New Zealand without wings (Dinor- 
nis), or too feebly developed for the purpose of flight (Apteryz, 
Brachypteryz, Notornis, &c.), is associated with the absence in 
those islands of any higher form of life exercising destructive 
mastery of organisation, until the immigration of the human race. 
The wings of such birds, like the eyes of the cavern fishes and 
crustaceans, would seem to have degenerated for want of use; 
their legs, by which locomotion was exclusively exercised, to have 
gained in size and strength. 

Lamanck,! adverting to observed ranges of variation in certain 
species, affirmed that such variations would proceed and keep pace 
with the continued operation of the causes producing them; that 
such changes of form and structure would induce corresponding 
changes in actions, and that a change of actions, when habitual, 
became another cause of altered structure ; that the more frequent 
employment of certain parts or organs leads to a proportional 
increase of development of such parts, and that as the increased 
exercise of one part is usually accompanied by a corresponding 
disuse of another part, this very disuse, by inducing a proportional 
degree of atrophy, becomes an added element in the progressive 
mutation of organic forms. 

Concomitant changes of climate, and other conditions of a coun- 


* Philosophie Zoologique, tom. i. chape. iii, vi. vii. 
VoL. I. b 
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try affecting the sustenance or well-being of its indigenous animals, 
may lead not only to their modification but to their destruction. 1 
have, in another work, pointed ont the characters in the animals 
themselves caleulated to render them most obnoxious to such ex~ 
tirpating influences; and have applied the remarks to the expla- 
nation of eo many of the larger species of particular groups of 
animals having become extinct, whilst amaller species of equal 
antiquity have remained, 

In proportion to its bulk is the difficulty of the contest which, 
as a living organised whole, the individual of such species has to 
maintain against: the surrounding agencies that are ever tending 
to dissolve the vital bond and subjugate the living matter to the 
ordinary chemical and physical forces, Any changes, therefore, 
in such external agencies as a species may have been originally 
adapted to oxist in, will militate againat that existence in a degree 
proportionate, perhaps in a geometrical ratio, to the bulk of the 
species. Ifa dry season be gradually prolonged, the large mam- 
mal will suffer from the drought sooner than the small one ; 
if such alteration of climate affect the quantity of vegetable food, 
the bully Herbivore will first feel the effects of stintod nourish 
mont; if new enemies are introduced, the large and conspicuous 
quadruped or bird will fall a prey, whilst the smaller species con- 
ceal themselves and escape. Smaller animals are nsually, also, 
more prolific than larger ones.’! 


countries where larger species of the same natural familie ii 
morly existed, is not the consequence of any gradual di 
of the size of such species, but is the result of circumstances, 
which may be illustrated by the fable of the * Oak and 
the smaller and feebler animals have bent and escomaodatea 
themselves to changes which have destroyed the larger species. 
They have fared better in the * battle of life.’ 

Accepting this explanation of the extirpation of species as true, 


* On the Germs Dincrnis (Part fv.) Zool. raze, vol. tv. p. 15 (February 1890). 
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Mr. Watuace ' has applied it to the extirpation of varieties ; and 
as these do arise in a wild species, he shows how such deviations 
from type may either tend to the destruction of a variety, or to 
adapt a variety to some changes in surrounding conditions, under 
which it is better calculated to exist, than the type-form from 
which it deviated. 

No doubt the type-form of any species is that which is best 
adapted to the conditions under which such species at the time 
exista; and as long as those conditions remain unchanged, so long 
will the type remain; all varieties departing therefrom being 
in the same ratio less adapted to the environing conditions of 
existence. But if those conditions change, then the variety of the 
species at an antecedent date and state of things may become 
the type-form of the species at a later date, and in an altered 
state of things. 

In his work ‘ On the Origin of Species by Natural Selection? 
Mz. Darwin more fully exemplifies, conjecturally, the reciprocal 
influence of external conditions and inherent tendencies to variety, 
in carrying on, as he believes, the deviations from type to specific 
and higher degrees of difference. 

All these, however, are conceptions of what may have, not 
observations of what have, originated a species. Applied to 
the structures which differentiate Troglodytes from Homo, or 
Chiromys from Lemur,' they are powerless to explain them: and 
the structural differences in these instances are greater than in 
many other species maintaining their distinction by sexual in- 
capacity to produce fertile hybrids. 

‘An innate tendency or susceptibility in an offspring to differ 
from a parent is a fact of observation: when carried beyond a 
certain point the issue is called, from its rarity, a ‘ monster.’ But 
this tendency and its results are independent of internal volitions 
and external influences. 

* Proceedings of the Linnean Society, August 1858, p. 67. __* Bro. 1859. 

* On the Classification and Geographical Distribution of the Mammalia, 8vo. 1859, 


P. 92, * ‘Transactions of the Zoological Society, vol. v. p. 86. 
ba 


“Therefore, with every disposition to acquire information and 
receive instruction as to how species become such, J am atill com- 
yelled, as in 1849, to confess ignorance of the mode of operation 
‘of the natural law or secondary cause of their succession on the 
earth. But that it is an ‘orderly succession, or according to 
Jaw,! and also * progressive’ or in the ascending course, is evident 
from actual knowledge of extinct species. 

‘The inductive basis of belief in the operation of natural law or 
‘secondary cause’ in the euccession and progression of organised 
species, was laid bythe demonstration of the unity of plan under- 
lying the diversity of animal structures, as exemplified by the 
determinations of special and general homology ; hy the discovery 
of the Jaw of *Irrelative repetition ;’ by observation of the ana- 
logies of transitory embryonal stages in a higher animal to the 
matured forms of lower animals; and by the evidence that in the 
scale of existing nature, as in the development of the individual, 
and in the succession of species in time, there is exemplified an 
ascent from the general or lower to the particular or higher con 
dition of organiam. 


The most intelligible idea of homologous parts in euch series 
is that they are due to inheritance, How inherited, or what may 
be the manner of operance ‘of the secondary cause in the pro- 
duction of species, remains in the hypothetical state exemplified 
hy the guess-ondeavours of Lamarck, Danwix, WaLLace, and 
others. 


In the lapse of ages, hypothetically invoked for the mutation 
of specific distinctions, I would remark that Man is not likel 
preserve his longer than contemporary species theirs. 
the greater variety of influences to which he is 
present characters of the human kind are likely 
changed than those of lower existing species. And, with such 

4 Fanes Powst1, quoting from my Work *On the Nature of Limb,’ 8vo. 1849, p. 
£6, writes: —'To what actual or secondary cause’ (‘Essays on the Unity of Worlds,’ 


1865, p 401), instead of, To what natural Jaws or secondary causo the ord 
anil progression uf species may hare been committed, we arey os yet, ia 
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change of specific character, especially if it should be in the 
ascensive direction, there might be associated powers of pene- 
trating the problems of zoology so far transcending those of our 
present condition, as to be equivalent to a different and higher 
phase of intellectual action, resulting in what might be termed 
another species of zoological science. 

With the present psychical and structural characteristics of the 
human species, it may be reasonably concluded that those of other 
existing species, especially of the distinctly marked vertebrate 
classes, will be, at least, concurrent and co-enduring ; and, in that 
sense, we may accept the dictum of the French zoologist: —‘ La 
stabilité des espéces est une condition nécessaire a l’existence de 
la science d'Histoire Naturelle.’ At the same time, indulging with 
Lamarck in hypothetical views of transmutative and selective 
influences during sons transcending the periods allotted to the 
existence of ourselves and our contemporaries, as we now are, we 
may also say :—‘ La nature n’offre que des individus qui se suc- 
cddent les uns aux autres par voie de génération, et qui provien- 
nent les uns des autres. Les espdces parmi eux ne sont que 
relatives, et ne le sont que temporairement,’ 
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2 ANATOMY OF VERTESRATES. 
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incorporate 

Jess of the yolk. In fig. 4, a, 
d is the impregnated germ- 
yolk; e the uid between it 
and the zona, f; #” is albumen 
from which the chorion, chu, 
arises, In 8, fig. 4, is shown 
the first division or 

tation of the ace sik 
showsthesecond division; and 


ines ot herororores te ore oer of vrs 
al (comcied. CLAN 


inte’ by fissiparous: 
ee nucleated cells which form 


aa) ep the vertebrate germ resembles in form, structure, and. 
2 behaviour, the infusorial monad and the germ- 

Z stage of invertebrates, The next step impresses 
upon the nascent being its ‘ vertebrate’ type. 
Limcar rows of the nucleated cells coaleace and 


O} become converted into the nervous axis, which 
9 under the form or appearance of a double chord, 

fig. 5, ch, marks the dorsal or ‘ neural’ aspect 
second 08 a, twee of the embryonal rudiment. The nutritive organs 
Sites tie Semen grow from the opposite side, Along the inter- 


ome! Oh), CREE 


space is laid the basis of the skeleton, as a 
gelatinous ell in a membranous sheath, called ‘ notochord,’* 

which developes a pair of plates * neurad’# 

to enclose the nervous aie a pair of 

‘haemad’* to enclose the vascular 

axis and organs of vegetative life. Flesh 

and skin coextend with the enclosing plates. 

‘This formation of two distinct parallel 

cavitice— neural’ and * hemal’—under 

symmetrical guidance in the vertical or 

*neuro-hwmal’ direction, with a repeti- 

* tion of parts on the right and loft sides, 
‘ree alias. establishing transverse or ‘ bi-lateral* 

1 ‘Tye *chereka deroaiis’ of embeyologina. — * Backward in man, upward in beasts, 

* Reeward in man, downward in beste 
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characters, — The series of *yertebre, under 
modifications, as the neural or hamal organs 
‘constitute the vertebral column. The 
axis consiats of ‘encephalon’ or brain, and of 
chord. The organs of the five senses 
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the bony or gristly levers on which they act, The limba do not. 

exceed two pairs. The sexes are distinct, and the individual 

is developed directly from an impregnated ovum, Under the 
vertebrate plan of structure animals 
grow to a greater size and live a 
longer time, than under any of the 
inyertebrate plans. 

§ 3. Piscine modification, — All 
vertebrates, during more or less of 
their developmental life-period, float 
in a liquid of similar epecific gravity 
to themselves. A. large proportion, 
constituting the lowest organised and 
firat developed fo ems of the pro~ 
vince, exist and breathe in water, 

and are called ‘fishes.’ Of these a few retain the primitive 
vermiform condition and develope no limbs: in the rest they are 
* fins,’ of simple form, moving by one joint upon the body, rarcly 
adapted for any other function than the impulse or guidance 


of , “eg | 
ane Y 


inoue coc maguited wn dimacters new, Sta Mush drt Over; Crimi 
4 Prog f, Bes | 9, Cobihahy BAL, 


of the body through the water. The shape é the body is usually 
euch as is adapted for moving with least resistance through a 
liquid medium. ‘Tho surface of the body is either smooth and 
lubricons, or is smoothly covered by overlapping scales, is rarely 
defended by bony plates or roughened by tubercles, still more 
rarely armed with spines, 

‘The neural axis presents but onc local enlargement, at the fore 
end, forming the ‘cncephalon ;’ it is small, and consiate of a suc- 
cession of simple ganglionic masses, mest of which are appro- 
priated to the function of a nerve of special sense, Touch is 
fechly exercised, and an organ for that sense rarely deycloped. 
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the venous blood is mixed with the arterial blood which circulates 
over the body. The lungs retain the form of bays, with cellulo- 
vascular walls, varying 93 to thickness, and arc situated, with the 
other organs of vegetative life, in a common thoracie-ubdominal 
cavity. 
§5. Bassler edi eatin NV bons Ahe long become Soong nad 

ity of the air-bag is obliterated by the multiplication of 
re oiler nad when a four-chambered heart transmits the 
venous blood to the lungs, and pure arterial blood to the body, 
the temperature is raised, and is maintained at from 90° to 105° 


usually other parts of the body; this clase is oviparous, is clothed 
with feathers, and has the pectoral limbs modified as wings ; it is 
called Aves— Birds, 
. $6. Mammalian modification. — In the other clnas of warm 

blooded animals, the spongy lungs are 
confined to a thoracic cavity, defined by 
abdomen; the class is hair-clad, viyiparo 

Young, whence it is called Mammalia — 

§ 7. Genetic and thermal distinctions. 
marked characters ethrded hy the respiratory system will probably 
give permanonce to the division, 40 convenient for most purposes, 
of the vertebrate province into the four great classes above 
defined, viz. Pisces, Reptilia, Aves, Mammalia. 
But many important relations and affinities are thereby masked, 

Although the last two classes agree, as * 
in their higher cercbral devel 
heart and lungs, birds, by genetic and | are 
as well as by the general plan of their 
intimately and naturally allied to the ee saurinns than to 
the viviparous mammals. In their generation and development, 
modern batrachians differ from other cold- ‘blooded air-breathers, 
and agree with fishes. Present knowledge of extinct forms more 
clearly exposes the artificial nature of the primary groups of the 
oviparous vertebrates, An important link, the Pterosauria, or 
flying reptiles, with wings and air-sace, fig. 108, more closely 
connecting birds with the actual remnantof the reptilian class, has 
passed away, Other extinct orders (Ganocephala and Labyrintho~ 
dontia) have demonstrated the artificial nature of the distinction 
between fishes and reptiles, and the close transitions that connect 
together all the cold-blooded vertebrates. 
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Sosy erpen fina pegeenenipaereiiomidal 
3 a to tympanic le 5 

“arch attached to the occiput; no sternum: skin defended by seales 
or plates; brain with predominant mesencephalon ; myelon opake, 
inelastic; a sympathetic nerve; organ of smell double; eyes usually 
large, with bony sclerotic; auditory labyrinth with three semi- 
circular canals, in the cranial eavity; mouth formed by upper and 
lower jaws, opening at the fore part of the head, and admitting the 


chiostegal flap, with one or more rays; testes 

(roe) large, with continuous ducts in most; ova 
and small, simultaneously developed, an pregn 
externally; no amnios or external allantois, 


tranaverse we opening below the ian intestine with a spiral 
valve, pancreas, and spleen; no air-bladder ; bulbus arteriosus 
with nuracrous rows of yalyes; gills, in most, fixed, and with 
several branchial outleta on each side; testes of moderate size, 
with sperm-duct and copulatory apparatus; ovaries with few and 

‘ova, successively developed and conveyed away by a 
Aetached oviduct ; ova impregnated and, in some, developed in- 
ternally ; enbryo, without amnios or allantois, and with deciduous 
external gills, 


predominant prosencephalon ; optic nerves not ting + 

tory labyrinth in a special chamber, but with only the Pht 
‘vostibuli;' nostrila communicating with the mouth; intestine, 
with pancreas and spleen ; air-bladder as a pair of Tungs, com- 
municating by a duct and glottis with the hamal side of the 
pharynx; heart, in most, with one ventricle and two auricles. 
Testes of moderate size, with sperm-ducts, but no intromittent 
organs or claspers; ovaries with deiached oviducts; ova simulta 
neously developed, and, in most, impregnated externally. Embryo 
without amnios or allantois, and with external gills. 
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‘s Suborder L Avrovus. 


Fam, 1, Symbranchide, Ex. Cuchia, 
2. Murenide. Ex, Eel, 
3. Gymaotide, Ex. Gymnotus. 


Suborder I, Anpowinates. 


Fam. 1. Heteropygit. Ex. Amblyopsis. 
2. Clupeide, Ex, Herring, 
3. Salmonide. Ex. Salmon. 
4. » Bx. Saurus. 
5 Charcite. Ex, Myletes, 
6. Galavide, Ex. Galaxins, 
7. Esocide. Ex, Pike, 


10. Cyprinide. Ex. Carp. 
11. Siluride, Ex. Sheat-fah, 
12. Alepisauride. Ex, Marine Sheat-fish, 


Suborder It. Poanyxcoonatut. 
Fam, 1, Scomber-esocida. Er. Snury-Pike. 


Order TV. ANACANTHINT. 


Endoskeleton ossified ; exoskeleton in some as cycloid, in others 
ax ctenoid scales; fins supported by flexible many-jointed rays; 
yentrala beneath or in advance of the pectorala, or wanting ; ewim- 
bladder, when present, without a duct, 


Fam. 1. Ophidide, Er. Opbidium. 
2. Gadide. Ex, Cod. 
3. Pleuronectide. Ex, Plaice. 


Onder ¥. ACANTHOPTERT. 


Endoskeleton ossified; exoskeleton, in most, a3 ctenoid seales ; 
fins wil $09 or more of tie ae ae ee 
spines; ¥ in most, beneath or in advance of 3 
duct of swim-bladder obliterated. 


ee 
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Suborder L Puaryneocnarai. 
Chromide. Ex. Chromis. 
Cyelo-labride. Ez. Wrasse. 
Cteno-labride. Ex. Pomacentrus. 


i) 
F 
per 


Suborder IL AcaNTHOPTERI VERI. 


Percide. Ex. Perch. 
Squammipennes. Ex. Cheetodon. 

Sparide. Ez, Sea-bream, Gilthead. 

Scienide. Ez. Maigre. 

Labyrinthobranchii, Ez. Anabas or Tree-climber. 
Mugilide, Ex. Mullet. 

. Atherinide. Ez, Sand-smelt. 

Sphyrenide (cycloid). Ez, Barracuda, 

). Scomberide (eycloid). Ez. Mackerel. 

. Selerogenide. Ez. Gurnard, Miller’s thumb. 

. Tenioidei, Ez. Riband-fish. 

. Teuthyide. Ez. Lancet-fish. 

13. Fistularide. Ex. Pipe-mouth. 

. Gobiide. Ex. Goby. 

. Blenniide (cycloid). Ex. Wolf-fish. 

. Lophiide (skin muricate or naked). Ez. Angler.' 


F 
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Order VI. PLECTOGNATHI. 


Endoskeleton partly ossified; exoskeleton as ganoid scales, 
plates, or spines; ventrals wanting in most; maxillary and pre- 
maxillary immoveably connected on each side of the jaw; swim- 
bladder without air-duct. 


Suborder ScLERODERMI. 
Fam. 1. Balistini. Ex. File-fish. 


Suborder APLEvRI (ribless). 


Fam. 1. Ostraciontide. Ex. Trunk-fish. 
2. Gymnodontide. Ez. Globe-fish. 


1 ‘This selection of the chief family-diversities of the vast acanthopterous order is 
designed, like the families cited under other orders, merely to exemplify it by familiar 
fishes with vernacalar names. For the characters and affinities of all the present 
Known acamthopterous families, seo Dr. Giinther’s excellent work, cLXxxIv., 
vol. ii, 
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Order VII. LOPHOBRANCHIL. 


Endoskeleton partially ossified, without ribs ; exoskeleton ganoid ; 
pn ad puroulad sparture ual ‘swim-bladder without air- 


Fam, 1. Hippocampide. Ex, Sea-horse. 

2, Syngnathida, Ex, Pipo-fish. 
B, Arterial bulb muscular, with more than one row of valves. 
‘Optic nerves not 


Order VIE. GANOIDET. 


Endoskeleton us, bony, or ossified; in a few 
iar yeti os ister one notochordal; exo- 
ekeloton as ganoid scales or plates; fins usually with the first 
ray a spine; caudal fin in most unsymmetrical; a swim- 
bladder, o cellular, and with an air-duet; intestine in many 
eae nasal “ale: 


Suborder L Lerrpocaxorer 


Fam. 1. Salamandroidei. Ex. idosteus, Polypterus. 
eee Ex. P. — 


6, Dipterida, Ex. Dieu 
7 Calacanthi. Ex. Calacanthus. 
8. Holoptychide. Ex. Holoptychius. 


Suborder IL, Pracocaxorpxt. 
Fam. 1. Sturionide, Ex. Sturgeon. 
2. Ostracostei. Ex. Pterichthys, 


Subclass If, Order IX. HOLOCEPHALTL 


Endoskeleton cartilaginous, subnotochordal; cranial wall com- 
plete; tympanic re confluent brates endoskeleton a 
placoid granules, terior dorsal with a strong 
mouth terminal, beakeshaped; dental plates and eee 
with the jaws. Optic nerves not decussating. Valves of bulbus 
arteriosus multiserial. Gills laminar, with a amall proportion of 
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(Transitional) Order XT. PROTOPTERT. 
Endoskeleton notochordal, partly cartilaginous, partly osseous; 
no occipital condyle; vomer undivided ; temporal forse roofed 

Prey ban pleurapophyses short, with free extremities ; exo- 

pessotin es sobetieniar cake eles scapular arch attached to 

occiput; proximal ends of hyoidean and tympano-mandibular 

arches distinet, Vertical fin a continuous reinellttret 
tail. Pectoral and ventral fins subulate, miany 


nected with the hyoid ; air-bladder double, Jung-like, with air-duct, 
glottis, and pulmonary vein. Prosencephalon predominant in 
brain; nasal eaca sublabial with two remote extra-buceal aper- 
tures ; auditory Inbyrinth in u distinct chamber; bulbus arteriosus 
long, with tee Tongitudinal valves; intestine with a spiral valve, 
vont anterior to urethra; ovaria distinct from oviducts. 


Fam. Sirenoidei, Ex. Lepidosiren. 


Subclass IV. Order XI. GANOCEPHALA. (Eztinct.) 

Endoskeleton notochordal and osseous ; no occipital condyle; 
vomer divided ; temporal fossee | 
not connected "with tympanic pedich shial es (?) une 
connected with hyoid; exoskeleton ‘as subganoid seales 5 pleur- 
apophyses short and free, Teeth with converging inflected 
folds of cement. at their basal half, Pectoral and pelvic limbs 
short, slender, three or four digitate ; natatory. 


Genus J 
ego 


Order XI. LABYRINTHODONTIA. (Eatinet.) 


Head defended, as in Ganocephala, by a continuous casque of 
cise Sie ea unusually hard polished 
lates, pied ‘supplemen: post=or ital” and “super- 
temporal” bones, but arrays ato parietale.” ‘Two occi- 
pital condyles, Vomer divided and dentigerous Vertebral 
Coe well as arches, ossified, biconcave, Plourapophyses of 
the trunk, long and bent. Exoskeleton, in some, as small ganoid 
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the orbits; orbits large; a circle of sclerotic plates. Skin naked, 
forming a vertical tail-fin (inferential). 

Genus Zehthyosaurus. 


Order XVI. SAUROPTERYGIA, (Zxtinct.) 


mt with a long neck; limbs natatory, with not 
ve digits; an episternum and clavicles; vertebra 
or ee cupped, articular surfaces; a swcram 

vertebre for the attachment of she pati ar 


teeth simple, in distinet sockets of premaxillary, ried 


and premandibular bones, rarcly on the palatine or pterygoid 
bones; maxillaries larger than premaxillaries. 


Genera Plesiosaurus, Pliosaurus, Nothosaurus, Placodus, 


Order XVIL ANOMODONTIA. (Eatinct.) 


Teeth ieee or limited to a single maxillary pair, haying the 
form and proportions of tusks ; a ‘foramen parictale ;’ two ex- 
ternal nostrils; tympanic pedicle fixed; vertebre biconcave; an- 
terlor, trunk-tibs with «. bifuiroate head, ischiopubic symphysis 
continuous. 


Fam. Dieynodontia. 

A long ever-growing tusk in ench maxillary bone ; pre-maxil- 
Tnries connate, forming with the lower jaw a beak-shaped mouth, 
probably eheathed with horn. Sacrum of more than two verte- 
bra, Limbs ambulatory. x. Dicynodon. 

Fam. Cryptodontia. 
RAG edentulous; premaxillaries diatinet 


and produced, 2x, Rhynchosaurus. 
Premaxillaries confluent, short. Ez. Oudenodon. 


Order XVII. CHELONIA. 
Trank-ribs broad, flat, euturally united, forming with their 
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Order XXII. DINOSAURIA. (Extinct.) 


Cervical and anterior dorsal vertebre with par- and di-apo- 
physes, articulating with bifurcate ribs; a few anterior vertebre 
more or less convex in front and cupped behind; the rest 
with flat or slightly concave articular ends ; dorsal vertebre: with 
a neural platform sacral vertebre exceeding two in number; 
body supported on four strong, ambulatory, unguiculate limbs. 
Skin in some armed by bony scutes. Teeth confined to upper 
and lower jaws; implanted in sockets. Ventricle of heart double 
(inferential). 


Genera, Iguanodon, Scelidosaurus, Megalosaurus, 


Order XXIII. PTEROSAURIA. (Extinct.) 


Pectoral members, by the elongation of the anti-brachium 
and fifth digit, adapted for flight. Vertebre procelian; those 
of the neck very large, those of the pelvis small. Anterior 
trunk-ribs with bifureate heads. Most of the bones pneumatic. 
Head large; jaws long, and armed with teeth. Ventricle of 
heart double (inferential). 


Genera, Dimorphodon, Ramphorhynchus, Pterodactylus. 
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REPTILES, 
Frog ‘Snake 
Soh... . 35:50 3104 
Ward. . . . 64°50 68:96 
100-00 100-00 
MAMMALB. 
Porpolse ox San 
Soh . . 35:90 31-00 31-08 
Hard. . 64:10 69:00 68-97 
100-00 100-00 10000 100-00 
BIRDS. 
Goore Tarkey Hawk 
Soh... . 32°91 30-49 26-72 
Hard. . . . 67°09 69°51 7328 
100-00 10000 10000 


From the above table it will be seen that the bones of the 
fresh-water fishes have more animal matter, and are, consequently, 
lighter than those of fishes from the denser element of sea- 
water; and that the marine mammal called Porpoise differs little 
from the sea-fish in this respect. The batrachian Frog has more 
animal matter in its bones than the ophidian or saurian reptiles, 
and thereby, as in other respects, more rescmbles the fish. Ser- 
pents almost equal birds in the great proportion of the osscous 
salts, and hence the density and ivory-like whiteness of their 
bones, 

The chemical nature of the hardening particles, and of the soft 
basis of bone, is exemplified in the subjoined Table, including a 
apecies of cach of the four classes of Vertebrata :— 


CHEMICAL COMPOSITION OF BONES. 























Hawk | Man | Tortotse | Coa 
Phosphate of lime, with trace of tate Gil 
of lime . + . . | 6439 59°63 5729 
Carbonate of lime . . . . 703 733 490 
Phosphate of magnesia 094 1-32 240 
‘Sulphate, carbonate, and chlorate of 
soda Giak 92 | 0-69 110 
pt and ‘chondrin . . . «| 2573 29°70 32°31 
+ + . + . . 099 133 2-00 
100-00 100-00 10000 








eae Canals are 


next formed in the bone, by absorp- 
tion, which ultimately receive blood~ 

vessels, and become the ‘vascular 
eanals” Tho immediate nutrition of 


‘In most fishes the plasmatic canals are free from 
tions, and appear as in fetdapcinednscte ct eee tari; eke 
@ shows the area of the ‘ vascular canal,’ and @ the orifices of the 


d; and 
Sarque) of that marked ¢; Fa anew ty ae 
ee ‘ag in the two dilatations shown a 


Wt elongate oa frm shown Sn 8g 13; but in 
section they appear as in 5 and 6, To the bird, . g. 
the Goldfinch, they have the form shown in d, fig. 12, Tn human 
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degree, charneterise, by their shape and size, the osseous tissue of 
the reapestive vertebrate classes. In the concentric laminw sur- 


Phnematic cxnale fa fish-bonc. a tranrrerse, biongitadinal, section 
of waaculne extn{ (TOMES. O14) 


rounding the vascular canal, fig. 15, a, @, the bone-cells are 
arranged concentrically, between the luninue, with the long axis 


‘Forms of tone-cets in ython and Hoa Cunserietar. et. 


in the direction of the circular line of the plate. Most of the 
plasmatic tubes continued from the bone-cells pierce the plates at 
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right angles in their course to the vascular canal, with which: 
we 

ial vebis material ? 
PR Growth of bone, —In 

the bones continue to 
throughout life, and vd SA Ee 
phery, whether in the flat bones of Ht @) 
the head which overlap each other, i 
of in the thicker bones that inter- Th tem» sremet by tae beets te mas, ch 
lock, is cartilaginous or membranous, and the seat.of progres 
sive omiification. The long bones of most reptiles retain a layer 
of ossifying cartilage beneath the terminal articular cartilage ; 
and growth continues at their extremities while life endures. 

we 


Teameream nero fw the Orcas portin of the Bannan former, 
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Bete esas pont eur eae 
phery of the bone, which is covered by a membrane, called the 
‘periosteum.’ In this membrane, the vascular system of a bone, 

the vessel the marrow-cavity, undergoes the 
amount of subdivision which reduces its capillaries to dimensions 
suited for penetrating the pores leading to the vascular canals, 
figs. LI and 15, a, a. 

‘Thus bone is a living and vascular part, growing by in- 
ternal molecular addition and change, od aie a Heer 
repairing fracture or othcr injury. The shells and crusts of 
molluscous and erustaceous animals are unvazeular; they grow 
hy the addition of layers to their circumference, may be cast off 
when too small for the growing body, and be reproduced of a 
more conformable size. When fractured, the broken parts many 
be cemented together by newly superadded shell-substance from 
without; but are not unitable by the action of the fractured sur 
finee from within. 

Extension of parts, however, is not the sole process which 
takes place in the growth of bone; to adapt» bone to its destined 
affice changes are wrought in it by the removal of parts pre- 
viously formed. In fishes, indeed, we observe a rae: unmed)- 
fied increase. ‘To whatever extent the bone is ossified, that aie 
remains, and consequently most of the bones of fishes are 
spongy in their interior, except where the ossification has been 
restricted to the surface of the primary gristly mould.' The bones 
of the heavy aud sluggish turtles and sloths, of the seals, and of 
the whale-tribe, arc solid. But in the active land quadrupeds, the 
shaft of the long bones of the limbs is hollow, the first formed 
osseous substance being absorbed, as new bone is heing depo 
from without. The strength and lightness of the lim! 
thus increased after the well-known principle of the hollow columm, 
which Galileo, by means of a straw picked up from his 
floor, exemplified, as an evidence of design, in refutation of a 
charge of Atheism brought against him by the Inquisition, The 
bones of birds, sal teat portal flight, are remarkable 
for their lightness, ‘The osseous tissue itsel!’ is, indeed, more 
compact than in other animals; but its quantity in any given 
bone is much less, the most admirable economy being traceable 
throughout the xkeleton of birds in the advantageous arrange 


"To this case, exemplified in bones of tho Zophins, Gyrostens, and the lower 
Batruchia, fossitsation, which affects only the ossitied crust, leaves the sere 
through the solution of the uncesified cartilage, of a wide medullary eavity, which 
might mislead the Palontologist in his inferences, 
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‘the entire animal in the zoological scale, ‘The capsule of the 
ball, for example, in man, is a fibrous membrane 5 in the the Turtle it 
is gristle; in the Tunny, bone, The skeletal framework of the 
‘Lancelet (Branchiostoma) does not pass beyond the fibrous stage 
fe lose saa enero it 
and hence these fishes are called ‘cartilaginous.’ In most 
fishes, and all air-breathing vertebrates, it proceeds to the bony 
stage, with the subsequent modifications and developements above 
recited. 


§ 13. Classes of bone.— Bony matter ia variously disposed in 
the bodies of vertebrate animals. The ‘Trunk-fish, fig. 16, dm, dp, 
a the Crocodile, and the Armadillo are instances of its aceumu- 

pon or near the surface of the body; and hence the ball- 

arse of the skin of the largest of these mailed examples. 

most constant position of bone ix around the central masses 

Rane fone n,and vascular, ib, h, pl, aystems, with rays 

thence extending into the middle of the chief muscular masses, 

forming the bases of the limbs. Portions of bone are also deve- 

Joped to protect and otherwise subserve the organs of the senses, 

and in some species are found encasing mucue-ducte, and buried 

in the substance of certain viscera—as, e. g. the heart in the 

Bullock and some other large quadrupeds. Strong membnanes, 

called ‘aponeurotic? and certain tendons, become bony in some 

animals; as, ¢. g. the * tentorium’ in the Cat, the temporal fascia 
in the Turtle, the ‘leaders’ of the Jeg-museles in the Turkey, the 

nuchal ligament in the Mole, and certain tendons of the abdominal 

muscles of th Kangaroo, which, 40 ossified, 

are called the * maraupial-bones.’ ‘The pri- 

mary classification of the parts of the osseous 

system | ty according to their pre= 

, a8 in the cases above cited. 

‘The. arpa or skin-bones constitute the 

“dermo-skeleton’;? the deep-seated bones, i 

relation to the nervous axis and locomotion, 

saps certs 3? the pie con- 

srenent ot teare ans deron- nected wit sense-organs and viseera 

mecinscerws form the ‘aplinchno-skeleton’s* those de= 

veloped oe tendons, ligaments, and aponeuroses, ‘the “sclero- 


! Gr. derma, skin, anid sheleton. 

2 Gr. neuron, nerve, and 

© Gir aplagolines, viseus, or inward part, and beled. 
Kideteneeiaed mat biobaiars 
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In the arrangement of the | 53 dlipeslorerads and 


sclero-skeletons, no common pattern is One can 

eo fcc eva en ae omega 

ae » size, shape, 

aN diced AaPsaaadiat sa flare bone eae 

The neuro-skeleton, which is the main part of the 

be termed the ‘skeleton proper,’ ex- 

ae = design and adaptation, but 

unity of composition. Tts parts are arranged in a series 

of segments following and articulating with each other in the 
direction of the axie of the body. 

Lype segment or vertebra,—Each complete segment, 
called ‘vertebra,’ consists of a series of osseous pieces 
according toa type or general plan, exem- Ww 
plified in fig. 17; in which they form a 
hoop ar arch above, and another beneath, 
acentral piece. The upper hoop, encircling 
@ segment of the nervous axis, is called the 
neural! arch, N; the lower hoop, encircling 
a part of the yascular system, is called the 
hemal? arch, 1: their common centre is 
termed tho ‘centrum,”? The neural arch 
is formed by « pair of bones, called ¢ nenra~ 
pophyses,4n, x, and by a bone sometimes 
cleft or bifid, called the ‘neural ae 

Ly 
bones, called ‘diapophyses’® d, d. Rsebecsl arch i is formed by 
a pair of bones, called ‘pleurapophyses," pl; by a second pair, 
ealled * hwmapophyses,7/; and by a bono, sometimes bifid, called 
the ‘emul spine? As. It also sometimes includes parts, or 
bones, called * parapophyses.”* Bones, moreover, may be developed 
which diverge as rays from one or more of the above parts. 

‘The parts of a vertebra which are developed from independent 
centres of ossification are called ‘ autogenous ;” those that grow 
from previously ossified parts are called ‘exogenous:' the autoge- 
nous parts of a vertebra are its ‘elements,’ the exogenous parts 
are its ‘processes.’ No part, however, is absolutely autogenous 


a Bicye oie * Gr. dia, across, and apophusie, 
bates, blood, © Ge, plenrom, rib, and apophusis. 
‘I i ee gemee omntre, * Gr. for blood, and apophuxis. 
* Gr. foe nerve, und opophexis, a pro» —* Gr, para, transverse, and apophusis, 
jreting part, 
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thronghout, the vertebrate series; and some parts, usually exo~ 
genous, are autogenous in a few instances, 
‘The vertebral elements are, the centrum 

8 ¢, the neurapophyses n; the neural spine 

ns, the pleurapophyses pl, the hasmapo- 

physes fh, and the hemal epine ks, The 

exogenous parts are the diapophysis d, the 
parupophysix p, the zy gupophysis z,! the ana 

pophysis «the metapophysis m,* the hypa- 

pophysig, fig, 17, ,* and the epapophysis, 

fig. 17, e.* Of the autogenous parts, the 

Z neural spine is most commonly exogenous; 

Somtewmoreras of the exogenous parta, the parapophyses, 

diapophyses, and hypapophyses, are sometimes autogenous. 

Vertebrie are subject to many and great modifications—e, g. as 
to the number of the elements retained in their composition, ax to 
the form and proportion of the elements, and even as to the relative 
position of the elements; but the latter modification is never 
carried to such a degree as to obscure the general pattern or 
type of the bony segment. 

Sometimes, as in the example, fig, 18, of the third segment of 
the human skeleton, the meuml arch, N, is much expanded, the 
hamal one, 1, is contracted; and, in the expanded neural arch, 
the autogenous diapophyses, dd, are wedged between the neura- 
perky z, and the enormonsly expanded neural spine, nx. More 

commonly, as in the example eas thorax, fig. 
19, the hiemal arch, 44, ia much expanded, the neural 

one 2, contracted 5 and the parapophysis is 
sented sometimes by the exogenous grow! rh 
‘the centrum, Bee by that, p, from the rib pl, 
Sometimes, again, a6 is exemplified in the neck of 
the bird, fig. 20, and the tail of the Crocodile, both 
aoural and sbmenal arches are alike contracted, the 
pleurapophyses, pl, being excluded from the latter, 
rene semen or B04 Standing out as continuations of the confluent 
wees diapophyses and parapophyses; and the hemal arch 
being formed, either by hwmapophyses (Crocodile), fig. 7, oF 
hypapophyses (bird), fig. 20, hy. Such vertebra deviate but 
little from the ideal type, under its less developed condition, 
as in fig. 7. The segments are commonly simplified and made 


1 Gr tion, and apophuats. * Gr, Auge, baton Cy 
Wain ekirdtnS piece. * Gr or tt ila” 
i reer, see eR 
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The different elements of the pri- 
distinguished 


mary segmonts are disti by 
peculiar markings :— 


‘The neurapophyses by diago- A 
nal lines, thus— 

‘The diapophyses by vertical mm 
Tines— 


‘The parapopbyses by horizon- — 
tal lines— 

‘The centrum by decussating 
horizontal and vertical lines— 

‘The pleurapophyses by diago- Wh 


nal lines— 


The neural spines and huemal spines 
are left blank, 

‘In certain segments the elements 
are nlso specified by the initials of 
their names :— 

ns is the neural spine. 

n is the neurapophysis. 

plis the pleurapophysis. 

iced wae also indi- 
his the is, i 

cated by spel o 21, 29, 

Ay 02) 58, 69, 64.! 

hs is the heemal spine. 

ais the dage. 

‘The centrum is the most constant 
vertebral clement a to its existence, 
but not as to its ossification. There 
are some li hes, and formerly * 


which, whilst the peripheral elements 
of the vertebra become ossified, the 
central one remains unossified ; and 
hore a few words are requisite as to 
the developement of vertebra. 
§ 16. Develupement of vertebra. — 
‘The central basis of the neuroskeleton 
is Inid down in the embryo of every 
pH vertebrate animal as a more or less 


sogpSiay TaMen.or Rrncran, Special Honelory forthe names of the bones 





‘Sertinal mete o€ verteteal column of Myoiee. 2x1. 


portion of the neural canal, 


portion above containing 
let the substance of the noto- 


the muscular segments, giving attachments to 
median vertical membrane rises from the neural 


next step in tho skolotal tissues ix shown in a pair of jointed 
filaments, fig. eae eon bound etre the 
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layer of the notochordal capsule has assumed the texture of tough 
Erte strii iand ach Veblen Se 
neurapophyses present, but also parapophyses, p Bes, 


and neural spines. ‘The part of the neurapophysis bounding the 
true neural eat is usually distinct from that bounding the fat- 
filled fissure above. ‘The parapophyses are united by a con 
tinuous plate of cartilage forming an inverted arch beneath the 
aorta, in the trunk, aria 
logous to that formed by 
bone in the lower neck- 
vertebra of birds, fig. 20. 
Tn the Chimera slen- 
der subossified rings 
appear in the cartilagi- 
nous sheath of the noto- 
chord, which are more 
numerous than the neu- 
ral arches, These, where unconfluent with each other, are 
distinct also from the parapophyses, which in the tail bend 
down to form the hwmal arches. In the Mediterrancan Grey 
Shark (Notidanus cinereus) the vertebral centres are atill feebly 
and irrelatively marked ont by numerous slender rings of hard 
cartilage in the notochordal capsule, the number of vertebra: 
more definitely indicated by ie neurapophyees and parapophysea; 
but these remain eartilaginou: 

Tn the Lepidosiren the Satsbeead vertebral elements, fig. 41, 7, 
ne, p, ks, ave ossified, but the notochord, ch, with a thicker and 
condensed capsule, remains. In the Piked ‘Dog-fish (Acanthias) 
the vertebral centres coincide in number with the neural arches, 
and are defined by a thin plate of bone, shaped like an hour= 
glass, and forming the conical cavity at each end of the centrum: 
the rest of which is cartilaginous external to the * and 
subgelatinous within its terminal cavities. In the Spotted Dog- 
fish (Seyliium) the two thin bony cones of each eentrum are con- 
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‘aa to obliterate the front cavity, and protrude into the hind cavity 
fig. 28; thus establishing pai 
opisthoceelian * 


sparllgraptbtty prilies. y ) 
transfer its 
isbehind, as in 
C oicd Be (Ono) ial Rind Gosia aE 
callod Streptospondylus ; but, a8 a general rule, existing reptiles 
have ‘procelian’ vertebre, or with the cup in front. Tn many 
28 extinct reptiles (esasptergeity Dinosauria) oxsi~ 
fication was so advanced as to leave no cavity 
at either end of the centrum; and these parts 
! were coarticulated by flattened or almost. fat- 
tened surfaces, a2 in mammals, Finally, both 
extinct and recent Reptilia afford instances in 
which the parts or elements of the vertebra have 
coalesced into one bone, 
Leptin ‘Tho progressive stages in the devel of 
a vertebra, which have been illustrated by the chief of those at 
which it is arrested in the cold-blooded series, beara close analogy 
to those by which it reaches the coalesced condition as a single 
bone in the warm-blooded classes, ‘The principal secondary and 
adaptive modifications eb rareegad core ke mark with 
characters the collective trunk-vertel 
§17. Vertebral column of Fishes. 
penser), fig. 29, the first five or six 
with euch other and with the parapophy: 
(fig. 82), incloning the fore 
and myelon, and perforated for 


ib. y, g’, and backward into the base and upper lobe of the 
tail-fin, fig. 29, c. The Vertebre: are represented by 


three hinder pairs; the large ones sometimes consist of two 
pieces joined end on end, like the modified ‘ital rib, 
Vegetative repetition of perive 
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than the neural arches; nor are interneural and interhwemal pieces 
wanting, In Raia clavata these ‘osa intercalaria’ constitute the 
chief part of the neural arch, at the 
anterior part of the vertebral column ; 
whilst the neurapophyses resume 
their ordinary share in its formation 
at the posterior part of the column. 
In Zyyena there are interspinal 
cartilages, In Rhinobatus a single 
‘spine answers to two vertebral bodies, 
) and we may well suppose this mmul- 
tiplication of central pieces to have 


maval fossil Ray (Spinachorhinus) 
from the lower Lias. 

In the anchyloeed cervical verte 
bra: of the Skate the short centrams 
are indicated by transverse bars along 
the middle of the under part. In 
the Monk-fish (Sguatina) the body 
of the atlas is confluent with the 
basioccipital, but the neural arch re~ 

ine disti 

‘The parapophyses in most 
pass forward, and then backward, 
angle of one fitting, like an articular 
process, into the notch of the para- 
pophysis in advance; they do not 
support pleurapophyses; they gendu- 
ally bend down behind the pelvic 
arch, and complete the hemal eanal 
about six vertebre beyond it; the 
hemal spines become flattened in the 
tail of some Rays. 

Tn osseous fishes « trunk-vertebra consists of a biconcave body, 
fig. 27, c, of a pair of neurapophyses, fig, 31, , usually develop- 
ing a spine, ib. ns, from their point of coalescence above the 
neural canal; and of a pair of parapophyses, ib. p; to which 
are added in the abdominal region in most fishes, and also in the 
caudal region of some, a pair of pleurapophyses, pl, figs, 31, 32. 
Ossificution usually commences in the bases of the neur~ and 
par-upophyses, and in the terminal cones of the centrum; it 
may proceed to blend the six points into one bone, and fill 
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‘The interspaces of the neural arches are occupied by a fibrous 
Aponcurosis—the remaine pdeebans pisos e tt 
axis: but 


processes 
Lengeannke 
» see): im the 
Pike the ante 
rior one, fig. 
92, s,is present, which barely touches the neural arch in advance; 
in Polypterus it overlaps that part. Tn the Perch a posterior 
zygapophysis projects to receive the overlapping antenor one, 
the relative positions being the reverse ‘of those in most air 
breathing vertebrates. But, in some fishes, a second pair of 
zygapophyses are developed, which resemble the normal pair 
in higher vertebrates in relative co-adaptation, but seem re 
fer a2 exogenous processes, from the centrum itself, fig. 
31,2. Tt is also peculiar to fishes to have articular processes 
developed from the parapophyses, aa, ¢. g. in the abdominal region 
of the Rays, and from the eaudal vertebre of the Sword-fish, 
33,2, In the Tunny these processes are branched, and form a 
network about the hemal canal. In Zoricaria peculiar accessory 
processes are sent out from the neural arch of the seven anterior ver~ 
tebra which abut against the lateral shields of the dermo-skeleton. 
‘The parapophyses are short in some fishes (Salmo, Clupaa, Amia), 
of moderate size in many, and longest in the Doi eee Saas 
Pp, Where they din the abdominal and sustain 
Saeae gets rari Inone species 


I Eapidostus E 
pophyses: whilst these, in Amia, Thynnus, and some 
maja to the parapophysial inverted arches, like 

an nd sane fig, 41, which in the 
aco her pleurapophyses or 
in the tail ae ay tells Begone 
Batrachin in the ascensive comparison do we find true ‘ 





process 
sa tn i Sc nce of the 
anterior abdominal vertebre 
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number, with progressive confluence, of the caudal vertebra, the 
“upper lobe’ becomes gradually reduced im length, until the 
it is attained. But this coexists in the Salmon, 
Perch, and many extinct Ganoids with an unsymmetrical bend 
of the coalesced caudal vertebre into the base of the upper lobe. 
Tn true ‘homocereals' the terminal bodies of the caudal vertebra: 
are not separately established in the primitive notochord, but are 
continuously ossified to form a common, com 
extended, and often bifurcated bony plate, fig. 33, nM, from 
which the neural and hamal arches and their spines 
radiate: from these elements alone can the number of 
vertcbre of such caudal fin be estimated; normal de- 
velopement proceeding here in the peripheral elements, 
us throughout the vertebral column in Lepidosiren, whilst 
it is arrested in the central parts of the vertebra, In 
the Sun-fish ( Orthagoriscus mola) it would seam as if = 
row of rudimental vertebrw had been blended together 
at right angles to the rest of the column, in order to 
the rays of the short, but very deep caudal 
fin, which terminates the suddenly truncated body of 
this oddly shaped fish. 

It is rare to find anchylosis save at the ends of the 
vertebral series in fishes: sometimes, however, in the 
Pleuronectider, a kind of sacrum is formed by such bony 
union of the bodies, c, and hmmal spines, hs, of the 
first two of the caudal series, as in fig. 36;' in whieh 
the broad and deep hiwemal spines are concave forwards, 
and form a sort of pelvic posterior wall of the abdomen, 
In the Halibut (Hippoglossus) the pape of the 
carresponding vertebra: with those of the last abdominal 
are similarly united, though the pate remain distinct, 
In Loricaria both the upper and lower arches of a eon- 
siderable part of the eaudal region are blended: 
into an inflexible sacrum; but, as a general rule, there 
‘exists no such impediment to the lateral inflections of 
the tail in the present elasa. 

The number of trunk-vertebre is a useful specific 
character in Ichthyology; and in counting them the 
coalesced caudals are usually recko 
Sun-fish (Orthagoriseus) I find but 8 abdominal and 8 

“uo caudal vertebra by distinct bodies, In a Globe-fiah 
(axe ( Fetrodon) there are 7 abdominal and 10 caudal vertebra: 


4 Osteol, Collection, Mus, Coll. Chir. No. 188; xxv. #, p. 60. 
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par- to the pleur-apophyses: in Salmo only the upper series 

exists, developed from the second to the antepenultimate alxlo- 

carers top petra a rill pipes = 
itatives ol tu jsodon e 

are losed to ribs, pescbel sean: normal tonalitiod 

in tho bird’s thorax. According to the soat of their develope- 

ment they belong to the ‘scleroskeleton :* by their attachments 

to bone they are ‘vertebral a] 

‘The vertical folds of skin from Ep ida tino, constituting 
the azygos fins, are the seat of ossifieations in most fishes, develop- 
ing a second row of spines, figs, 34, 38, dz, da, above the neural, 
n, and a corresponding row, dh, dh, below the hamal, /, spines. 
Some of these dermal bones, in certain fishes, project as hard 
enamelled weapons from the surface of the body. From the 
bases of the dermal spines, other spines (fig 34, in, paees usually 
shoot downward into the intervals of the neural and hamal spines, 
Ta deep-bodied fishes they are broad and strong, as e.g. in the 
Cock-fish, fig. 38; in the flat-fishes they are double, figs. 39 and 
40; and these modifications are usually repeated above and 
below. Both interncural and interiwemal spines are commonly 
shaped like daggers, plunged in the flesh to the hilt, which is re- 


presented by the part to which the fin-ray (dermoneural or, 
dermohamal spine) is attached. In the plaice tribe (Pleuro- 
uectide) these superadded dermal ossifications are Bet 
above the cranial as well as the corporal vertebra (fig. 39, dn), 


* xnav. & p10, cunt 
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and along the whole hmmal region 0 trunk, from the head to 


the 
true, 
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phan sa taerchoad year aes at the seventy-third 


pophyses, or both combined. In the abdomen only are 
huemapophyses represented by the supporting bones of 
the ventral fins, fig. 41, 64 The slender ossicles 
along its under part in the Herring, fig. 37, di, are 
dermal bones, which, like the scutes of serpents, aro 
‘connected with the lower ends of the ribs, pl. 

In the subclass Proteptert the notochord, fig. 41, 
ch, persists: the neural arches, n, 7s, are oasified: 
the hwmal arches in the abdomen are represented 
by parial bones, p, attached to the notochordal sheath, 
and curving outward, like the long parapophyses in 
the Cod, and the short pleurapophyses in the Amin 
and Salamander, with which they, more probably 
are homologous. These riblets bend down 
Sillgsynapemmereptimyeneaon 
hwemal arch and support the hmemal spines, ks, along 
that region. As in fishes, the Lepidosiren also de~ 
velopes in the continuous vertical fin-fold the neces 
sory ossicles marked in, i, in the ut. 

§ 18. Vertebral column of Batrackia. — Neither 
inter- nor dermo-neurals are present in any grano- 
cephalan or batrachian. In the former amphibious 
order the notochord persists, but with beginnings of 
the ossification of contrums:' in Batrachia it is con- 
verted into a series of separate centrums. ‘These in 
the Ichthyomorphs are biconical, and deeply cupped 
at bot ends, through the same arrest of ossification 

: the developement of the ate 
8 stage in the larvae of the 
cated by the dotted lines d, fig. 


in in Hana, and most froga and toads. In 
the ed Piling, also, ossification goes to this 
stage, with the ball in front. 


+ Lectanes om Comp, Anat p. 194, Big. 84. 








pelvic arch. In the Menopome, 
second to the nineteenth vertebra support short 
straight pleurapophyses, articulated to the ends 


‘Processes, 

f, are enlarged in the twentieth vertebra, s, and a 

second rib-like piece, a2, the homotype of the 

second part of the scapula in fishes, is articulated 

to the short and thick rudimental rib, pl; the 
inferior or hwmal arch 63, 64, being i 

‘The eegmont thus completed by the arch, 

so-called ‘sacral’ vertebra: the 

‘itu, 


Bony pleurapophyses ply 
cartile- 


are attached to the first of these, and 
ginous rudiments of the same element to the 
three following. THemal arches are anchylosed 
to the under part of the centrum of the second 
'p to the twelfth caudal vertebra inclusi 

these become more compressed to 

tail, for the enpport of a vertical fin. 








| 





the Tood (Buje eelgarie) tho wumber of fig, 
the in the Frogs, but the 
Sea ets serpaen ce aa eee 


£ 
" 
a 


fig. 
Tne Omer (Cc the vers te eng ay 


numerous, are biconcave. 







Bat aa acl eee CC lig 
ally, united thereto, In the Tekthipecerl pasa 
there are about 140 vertebra; in the 


and then from ‘the side of the centry 
continues gradually to sink in position until, at 
vertebra, it blends with the parapophysis, 
to nt a transverse process, us far a8 at 


* cepemceeh The atlas and axis centrams b 
anchylosed by flat aurfaces ; but each supports ow 
arch. Se eeetarl Grn ht 


* A disicention or fracture commonly occurred ‘between the death eel 
Goal imbedding of tho decomposing antual vee nt Bett 








middle of such cavity a little convex. In certain genera tho 

‘were uncommonly numerous; this was remarkably 

so im the Plesionaurus, fig. 45, in which those vertebne consist of 
and 


‘simple head to a ehallow pit, 
on the side of the cent 





surface gradually descends from 


the neurapophysis upon the 


in the hinder cervicals ; aad 
become long and slender ribs 
in the dorsal region, curving 
outward and downward so as 
to encompass the upper two- 
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poe see vertically oblong, but short dinpophysis extends 
from the fore part of the side of the centrum obliquely backward; 
as it is covered by the ar- 
ticular surface for the 
rib, is convex lengthwise 
and convex Sicha 
at its upper half, but 
slightly concave at its 
lower half. aus the 


rattlesnake the 
Peed developes a small 


eae ee ib, d, for the 
‘ vertebral rib’ or plour- 
apophysis, pl; a parate- 
physis,d’, ex 

ward and Peery cies 
the level of the cen- 


a transversely-clongated 
penornres that from 


‘the neural spine, na, is of 

ba moderate height, about 
Meeton.at ine cotea Noueirrediam) = equal to ita antero-pos- 

terior extent; it is compressed and truncate. A. wedge-shaped 
process, *zygosphene,’ zs, is developed from the fore part of the 
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process of the axis’ The base of each neurapophysis has an 
areolar surface for the exoccipital tubercle, the 
middle one for the is, and a postero-internal surface 
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skeleton of the Python (P. tigri)! has 2) 


anterior vertebre develope hypapophyses. The skeleton 
Boa constrictor® has 305 vertebre, ahypapophysis 
from tho 60 anterior oncs. In the skeleton of a 
(Crotalus horridus)® with 194 vertebre, 168 support movable 
ribs, and all these develope hypapaphyses, fig. 47, A, az longas the 
neural spines, xs, In the Naja, fig. 46,as many vertebra: 
the lower process, but of less length. In the Roi 
(Deirodon scaber) with 256 vertebra, a hypapophysis projects 
} xniv. voli No 003.123, * Ih, No, 630, p. 182, 
* Th, No, 640, p. 135. * Tb, No 638, p- 134. 
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from tho 32 antorior ones, directed backward in the first ten, and 


is siupod 

area a pes dental system to the 

food of the Detrodon will aes ae cee baie eat 
§ 22. Vertebral column of Lacertia.— The anguine or snake- 


“6 


with rudiments of limba (seudopus), to the 
slender-bodied long-tailed Incertians. ‘The dis- 
tinction is effected through the establishment 
of a costal arch in the trunk, completed by the 
posse niin ge rare ar o 
pophyses (sternal ribs) to the pleurapophyses — gyuuc 

or vertebral ribs, which are alone ossified in + 


Opkidia, 

‘The vertebra: of the trunk have the same procelian character, 
i.e., with the cup anterior and the ball behind, fig. 48 ; the latter, 
¢, being usually lees prominent, more oblique, and more trans- 

versely oval than in serpents. The vertebra: also are commonly 


= 


ira always fewer in number than in the typical Ophidin, 
of the Iguanas retain the superadded articular surfaces 
of the zygosphene, fig. 48, zs, and zygantram; but I have not 
met with these superadded processes in other lacertinns. In the 


Geckos the vertebre are, exceptionally, biconcave! The ribs do 

ae to be developed so near the head as in Ophidia. Not 
only atlas and vd but the third vertebra, fig. 49, and 
sometimes, as in the Monitor ( Varanus), the four following verte- 
bre, are devoid of pleurapophyses: when these first appear they 


* Bee those of the mbgenus Mhynchocephalus, xttv, vol. i. No. 662, p 142. 





#0 called on necount 
of the wing-like expansions 
from the sides of its body, 
supported, like the hood of 
the cobra, by slender elon- 
gated ribs, In this little 

\ srmgieetage Tizard there are twenty 
vertebrae supporting movable ribs, which commence apparently 
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Incertian mollifcations of the atlas and axis? agree in the 


| 
| 


ae > thn ofthe ninth al tenths the 


ends and. 
The 





ANATOMY OF VERTEBRATES. 


main with those in the Python, In Istiurus the cervical hypa- 
pophyses are compressed, distinct, and articulated to the inter= 
space between their own vertebra and the one in advance. The 
caudal vertebra are remarkable for the great length of their 
neural spines. 

In the Chameleon the ribs commence at the fourth vertebra, 
and those of the sixth are articulated by semiossified cartilages to 
the sternum, as are the three following pairs; in the next eight 
or ten pairs the long and slender cartilages meet and unite to~ 
gether at thoir extremities, There are two lumbar and three 
sacral vertebre; the tail is long and prehensile. Tn the 
Aguana tuberculata twenty-one vertebra, commencing with the 
fifth, support free ribs, and those of the ninth first join the 
sternum, 

§ 23. Vertebral column of Chelonia.—This column is most ex- 


Macleton of Bape Barepins. xexvis 


traordinary in those Reptilia to which, in the manifold modifica+ 
tions of the organic framework, has been given a portable abode, 
in compenaation for inferior powers of locomotion and the want 
of defensive weapons. 
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‘The median pieces, #1 tos 11, are called the ‘nenrul’ pilates; 
the lateral pieces, pl 1to pls, the costal’ plates; the tena 
“mierginal * is restricted to thoes pesipliers] jaeohe whieh feiss pais, 
coer tate: ipo ch, constant in all 
Chelonia, is called the ‘nuchal’? plate; posterior symmetrical 
piece, py, which is wanting in all the Tic it 

The neural 


attached at both their extremities, the outer end against 
the under part of the first pair of costal plates, which help 
to sustain, ‘The second to the ninth dorsal vertebre inclush 

being those which are more irnmediately connected with the neural 
and costal plates, are the ‘vertebre of the carapace:” their 





characters, though not less artificial than those which distinguish 
the ‘dorsal’ or ‘lumbar’ vertebra of other 3, are mech 
more marked and constant. The eighth of the cara 


pace is succeeded by one, which prtgece pa (e.g bers 
‘caonanna) au a pair of short ribs, in others (Z'rionyx) nowe, 
and which ie yrieirhae reckoned a ‘lumbar’ vertebra; this is 
followed by two other vertebri, with short and thickened ribs, 
abutting against the iliac bones and representing the ‘sacrum, 
fig. 61,@: as these three vertebra are not immediately united with 
the ninth, tenth, and eleventh ‘neural plates,’ they have less claim 
than the first dorsal vertebra to be regarded os entering into the 
composition of the caray 

‘The ‘plastron,” fig, 53, or floor of the thoracic~abdominal 
chamber, consists, in all recent Chelonia, of nine pieces, ‘Phe 
median and symmetrical piece, s, is the * entosternal;’ the four 
pairs, on ster before backward, are respectively, the 
“ episternals’ (es), * hyosternals’ (/s,) ‘ hyposternals’ and 
‘xiphisternals’ (xs). oF id 

Tn all the Chelonians, save the coriaceous (Sphargis) and soft 
turtles (Trionyeide), the outer surface of the carapace is im 
by the horny scutes, commonly called  tortoise-shell;? and these 
epidermal productions have received definite names in Zoological 
Treatises, their modifications being found of great use in charac~ 
terising species. In fig. 62, 1 is placed on the firat ‘vertebral 
Seute’ close to its union with the first and second * costal seutea;” 
and v2 to ws indicate the succeeding vertebral scutes, the outer 
angles of which are similurly wedged between the adjoining pairs 
of ‘costal soutes:’ beyond the costal seutes are a series of * mar 
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TO eae aero gas a pated chao the dncapete cal 
plastron is remarknble for its rough yermicular or punctate 


The bony pieces of the carapace, fig. 52, ch, #1 tou, 
have heen regarded as lateral estan summits of the 


the carapace shows thut ossification begins independently in a 
fibro-cartilaginous matrix of the corium in the first, ch, and. some 
of the last, #9 to s 11, median plates, 
and extends from the summits of the 
neural spines into only cight of the in- 
tervening sito ss: ossification 
also extends into the contiguous lateral 
plates, pl 1 to pls, in some Chelonia, 
not from the i of the 


Geral marl tenn te nv ene with he 
bones uniting the sternum with the vertebral ribs, are often more 
numerous, sometimes less numerous, than those ribs, and in a few 
Z Whence it is to be inferred that the ex- 


tetedetvattiecardinary breadth to near ‘ik head, whieh Theratee 
itself from the costal plate, as at 1, fig. 61, to articulate to the in- 
ee earning ve vertebra, to the posterior of which 


Tasty fig. 53, the entosternal, s, answers to the 
sternum in the crocodile: the parial pieces are ‘humapophyses’ or 


* cuxir, p. 103, pl xili. fig, 4. 
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sternal ribs, connate in a more or less complete degree with dermal 
bony plates, There were five pairs in the extinet Plearesternen, 

In tho marine Chelonians the dermal ostifiestione, fig, 52, plo 
s, do not cover the whole of the intercostal 3 the slender 
ribs project beyond them. In the fresh-water and land kinds 
they extend to the marginal plates and complete the bony roof, as 
infig. 61. There isa similar difference in the di of ossification 
of the “plastron’ between the genus Chelone and the genera Emys 
and Testudo, 

pape hnertpeennainterer ory ps 
asan ‘odontoid’ process, with that of the axis, and supports 
its own neural arch: the hypapophysis is proportionally reduced.' 
All the cight cervical vertebrm, fig. 51, &, are free, movable, and 
ribless : the fourth of these ee hasa much elongated centrum, 
arta 


a ee convex sur 
part of the centrum is carinate; the neural a which is 
anchylosed to this centrum, is short, broad, obtuse, and overarched 
by the broad expanded nuchal plate. ‘The first dorsal vertebra 
is also short and broad, with two short and thick pleurapophyses, 
articulated by one end to the expanded anterior part of the 
centrum, and united by suture at the other end to the succeeding 
pair of ribs, The head of each rib of the second pair is supported 
neck, and articulated to the interspace of 


the costal plate, is 

of the ee wher 
articulates with 

pace. The ne rch of | 
forwards to the interspace b 
the first. dorsal vertebra, 


* onxvan p. 435, ple xith. 








frecly outward, and become ¢ 
ribs? in the eighteenth, fig. 
nineteenth, ib. e, and twentieth, ib. d, 


independent clements of the segment, and are 

tinued, in pairs, fig. 55, 3, 4, 5, ¢, 7, and 56, along the ventral sur- 
face of the abdomen of the Crocodilia, as far as their modified 
homotypes the pubic bones, ib. 6. They are more or leas oesified, 
and are generally divided into two or three pieces, A short carti- 
laginous piece, an unossified part of the pleurapophysia, intervenct 
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between it and the lemapophysi. A small cartilaginous appen- 
‘is attached to come of the ribs. 
to support ee etped.ntaegh se 
mo are 

by the coalesced rudiments of such, ib. ares are distinct 
in the Crocodile. The length and persistent individuality 
of more or of these rudimental ribs determines the number 
of the dorsal and Iumbar vertebre: respectively, and exemplifies 
the purely artificial character of the distinction. The number of 
vertebne between the skull and the sacrum is twenty-four. In 
the skeleton of a Gayial, I have xeon thirteen dorsal and two 
lumbar; in that of a Grocodilus cataphractus twelve dorsal and 
three lumbar ; in those of a Crocodilus acutus and Alligator luciue, 
eleven dorsal and four lumbar, fig. 57, which is the most com- 
mon number, Cuvier assigns five lumbar vertebra to Croc. 


Liporeatus, But these varieties in the developement or coales- 

cence of the stunted pleurapophysis are of no casential moment. 

The coalescence of the rib with the diay jis obliterates of 

the charaeter of the ‘costal articular surface, which we 

to be common to both dorsal and cervical vertebra, 

zygapophy have their articular surfaces almost 

horizontal, and the diapophyses, if not longer, have their untero- 

posterior extent somewhat increased ; they are much depreased, 
ned horizontally. 

‘The sacral vertebre, fig. 67,8, are very distinctly marked by 
the flatness of the condapted ends of their centrums; there are 
never more than two such vertebre in the Crocodilia, recent or 
extinet: in the firet the anterior surface of the centrum is concave, 
in the second the posterior surfice; the zygapophyses are not 
obliterated in either of these eacral vertcbrw, so that the aspects of 

va 
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their articular surface—upward in the anterior pair, downward 
in the posterior pair—determines at once the corresponding ex- 
tremity of a detached sacral vertebra, The thick and strong 
‘transverse processes form another characteristic of these vertebrm; 
for a long period the suture 
near their base remains to show 


doveloped 

from the neural arch; ft ter 
minates by a rough, truncate, ex- 
panded extremity, xa almost 
or quite joing that of the similarly 
but more expanded rib, ib, & 
of the other sacral vertebra, 
Against these extremities is ap- 
plied a supplementary costal 
piece, serially with 
the fibrous tract indicated by 
the dotted lines hetween f and 
7,g and 6, fig, 55; but ossified, 
expanded,” and interposing it 
self between the pleurapophyses 
and hwmapophyscs of both sacral 
vertebre, me of one only, 
‘This intermediate pleurapophy- 
ial part i8 called the ‘ilium! 
fig. 57, 6a: it is short, thick, 
very broad, and subtriangular, 
the lower truncated apex form- 
ing with the connected extrem- 
‘ity of the Lenepnplya an arti- 

Diem oftietwudtartesotuiewmas, gular cavity f livergi 

“Viowod from above. Crowle appendage, celled the “hind log 


‘The hamapophysi anterior sacral vertebra is called * pubiey 
fig. 56, 8, fig. 56,5 ly long and slender, but expanded 
and flattened at its lower extremity, which is directod forward 
toward that of its fellow, and joined to it gh the intermedium 
of a broad, cartilaginous, hema spine, ib. 10 and 11, completing the 
hamal canal, The hemapophysis of the sccond sacral, fig. 55, % 
fig. 56, 4, is broader, subdepressed, and subtriangular, expanding 
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by sme of the great reptiles, with 


iin those tha faxibilty ofthe peck, 
as the sume balland-socket structure 
does in the large herbivorons quadra- 
peds of the present day.* The neural 
arch in the dorsal region of Dinoeanria, 
was colarged and strengthened by a 
bony platform, with supporting ridges: 
the sacrum included from four to six 
vertebrc, having the neural arch 
shifted so ns to rest upon two cen- 
trums and bind them together. 

§ 25. Vertebral column of Ptero- 
sauria, —In tracing the modifications 
of the skeleton from the earliest forms 
of extinet species, the procerlian type of 
vertebra appears first in the extinct 
group of Tepilas Pompeu) adap- 
ted for flight; the Pterodactyles of the 
Lias show it, with a confluent neural 
arch and a pneumatic foramen on euch 
ee ae 
tebre of Pterodactyles, fig, 111, are the 
largest, seven or cight in number, of 
which the first two coalesce. The atlas 
has a very short discoid centrum and 
two slender neurapophyzee. The doreal 
vertebra become smaller to the pelvis; 
they may be fifteen in number, fol- 


dal vertebra, One family of 
tyles had along and stiff tail; 
as in fig. 111, short tail, 
ior free ribs have bifureste 


oi in modern Heptilia, with a 

Paces) heart, that organ bad 

probably reached the same stage of 
siden ot Atiewor perfection in the flying Reptiles, the 
© exxut paris y. and vi. XXX. p. 283. 2 cum p. 162, ph x 
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retrace our steps to the lowest water-breathing forms, 
Femme with he Deroptrovs sl 
a en eee 


superaddition of parts, and is supported by the 
fend of the woockont, th ck This part extends farther 


somewhat obtuscly, beneath what Dr. KéLiuicen? has deseribed 
#6 a ciliated olfuctory capsule, ib, of. Sioa ponies sero Lancelet, 


the 

extends from below- the cranial end of the chorda dorsalis, down- 
ward and backward on cach side of the orifice of the pharynx ; 
this represents the labial arch of higher Myxinoids, and supports 
several of the jointed slender oral filaments, It is the sole 

part of the skeleton in the Branchiostoma. 
tiseue ia superinduced upon the fibrous brain- 
sxc in osseous fishes, in the following manner, The notochord 
adyances as far as the pituitary sac, or “hypophysis cerebri, where 
it terminates in a point; cartilage is developed on each side, 
forming a thiek ‘oceipito-sphenoidal’* mass, which extends ont- 
setae eas aie entall ox acoustic capsule. The cartilage 
faces a ees the lateral walls of the cranium, and is 
ee eRe iets tbe dct ravtal een branes At the 

* xxxtr. 
2 Payee suet ort. Keuhene bas rot, 2 





i 

i 

HH 
uct 


fig. 59, 1, is still defended by fibrous membrane: 
but is divided from the vomerine plate, ib, 
backward extension of the nasal exc, ib. 19, 


ad 


¥ 


to 
I at 


z 


H 
: 
g 
it 


Ee 


verted into the posterior aperture of the nazo-palating 
jidal arches, 5, are very short, approximated towards the 
middle line; and the vomerine cartilage, 12, is brought back 
closer to the sphenoidal arches. ‘Two cartilaginous arches, 2, 
+ Asses latérales, Vogt ; Fligel-forsitze basis eranii, Miller. 
* Plague feciale, Vogt; Gaumenplatte, Millor, “xx 
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circumscribe elliptical spaces outside the prexphenoid plate: these 
appear to represent the pterygoid arches, fig. 61, i, but, as in the 
pee Sa a ie eee ieee 
by distinct jomts. The basal cartilages, after forming 

the car-capsules, ib. g, extend upon the sides of the cra- 
nium, ib. A, arch over its back part, and leave only its 

upper and middle part membranous, as in the haman 

embryo when ossification of the cranium commences, 

‘The cranium is continued below the olfactory capsule, 

ih. &, into the* rostral plate,’ Behind the pterygoid 

arch, #, the process representing the stylo-byal, ib, +", 


the surface of insertion of the muscles. The cartilage descending 
from the side of the fore part of the cranium to join the pterygoid 
arch, #, may represent a ‘tympanic’ pedicle: it mainly supporte, 
as in the Sturgeon, fig. 62, 98, and Shark, the membrane, fig. 61,2, 
and cartilages, forming the roof and margin of the mouth ; in which 


x may be compared to the * palatine, and ¢ to the maxillary, while 
poe CC cnet oon this suctorial fish: g and x 

for the muscles working this peculiar apparatus ; 
pe addition to these is the cartilaginous basket before de- 
seribed, fig. 24, 43, which supports the modified and perforated 
homologue of the large respiratory pharynx, fly. 23,a, in the 
Branchiostome, 


‘Thus, in the Dermopterous fishes, the developement of the skull 
is arrested at more or less early embryonic stages; whence it 
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—— Greetion, to stamp the species with its own 
character: in the Branchiostoma by the 

aed oe abil arch and its numerous filaments; 
Sd ts pope yciec and Lenmeeys Oy ths Scent af 


the 
Sturgeon (Acipenser| the growth of cartilage has 

ici eo te brane tal Hen wh 
the ear-capenies: im advance of this it developes protecti 

Seep oerer sn smnidoctisineal mateo 


consists of a single ated 
Brophy 

mouth of the Sturgeon opens upon the under surface 
of the head, and is ‘protruded and retracted chiefly by the moye- 








bes there & = trare of 3 tlemder splemaal pacce om the inner 
side A the mamible. All the bones of the meath are edentalons, 
thot the meemieane covering the extremities of the 


i 
Ht 


Bey 
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to the end of the tympanic bone : the palatines are extremely small. 


‘The and maxillary bones seem to have coalesced ; 
‘they expand as they extend backward to become attached to the 
cartilage supporting the mandibular arch. ‘The slightly ossified 
mes rnp them along the inner sides to the same 
‘The articular and dentary pieces of the lower jaw have ooa- 
fetal but there is a trace of a slender splenial picce on the inner 
of the mandible. All the bones of the mouth are edentulons, 

the membrane covering the extremities of the upper ani 
lower jaw is roughcned by extremely minute denticles im the 
recent fish. The ceratohyals are partially ossified: the rest of 
the hyoidean arch is cartilaginous, A branchiostegal appendage 
in the form of an irregular clongated flattened bone, resolved 
posteriorly into osseous fibres, extends from each side of the 
commencement of the hyoidean arch. A similar but larger oper- 
cular appendage extends backward from the extremity of the 

mpanic pedicle, 

§ 27. Shull of Playiostomi.—'The more or less cartilaginous el 
of the Plagiostomous fishes might be histologically regarded as the 
transitional step from the Cyclostomoue to the Osseous fishes 5 
morphol ly, it offers a different, apparently simpler type: 
one which, through the progress of developement in the 
vertebrate route, more nearly approximates to the cranial 
sation in the Batrachia. The Monk-fizh (Syuatina,—an int 
dinte form between the Sharks and Rays,) affords a good and 
example of the essential characters of the plagiostom 
‘Phe cranial ond of the notochord and its eapeule are co 
into firm grinular cartilage; extending forward so as to 
an oblong flattened plate forming the whole basis cranii, Tl 
posterior margin of this ‘occipito-sphenoidal’ plate supports ty 
convex condyles, for articulation with the body and parapop 
of the axis. The body of the atlas has coalesced with the b 
occipital, as is indicated by its slender but separate neural 
‘The lateral margins of the basal cartilage have patie ly 
intervening prominence representing 
arch, here filled up and sending off a ainda saenrguel 
outwards, Just anterior to the median ridge there is a 
fossa, (in the Lae Squatina x foramen,) the last trace of 
pituitary canal: the basal cartilage then expands to form 
lower border of the groove which receives the palatine proc 

it of suspension of the palato-maxillary arch, in front of wh 
at Contracts to form the vomerine base of the cranium. The e 
nial cavity is not moulded on the brain, but is of larger size; 1 





pow 
angular (mastoid) process, has the hyoidean, and partly the man« 
dibular,* arches attached to ita lower end, the former, d, by a close 


plate. From this point the jaw is con- 
tinned in one direction forward and inward, completing the arch, 
ib. ¢, by meeting its fellow, to which it has a close ligamentous 
Soars se hanee tinea 
= Reneniei bs toy Soe Rane tympanic 
Fotelesrhere it forms the more immediate poate Plagne 


ones gs 
arch; which complete the sides of the mouth. These pe 
Cuyier regarded as rudiments, respectively, of the maxillary 
and dentary bones, the dentigerous maxillary arch us the melitiie 
and the mandibular arch as the articular piece of the 

but les eee and articulars co-cxist with 
those of Syuatina, in a Brazilian Torpedo 

© Threaghout this work the term HE ha Vokaprerh to the lower Jaw, and the 


fnverted cranial axch which that jaw complotes is callod ‘mandibular :’ the arcly 
‘by the upper ja is called “maxillary.” 
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(Nareine), and at the same time with distinct pterygoid 
cartilages! 
Four or five short cartilaginous rays diverge from the posterior 
margin of the tympanic pedicle, ib. c, and support a membrane 
Slept bers ots on Cal enlace Siw og 
these rays aro eleton liverging aj 

or limb of the tympano-mandibular arch. gh 

‘The hyoid arch in Squating, as in most other zt 


outwards from the back 
part of the cornua, support- 
ing the outer membranous 
wall of the branchial sac: 


fishes, and support 
vergin 
ofthe he arch. But 
¢ fold of integument in 
which they project is not 
liberated, and ix continuous 
with that supported by the 
opercular rays from the 
tympanic pedicle, Five 
branchial arches, fig. 30, 
1, 2, 3, 4, 5, succeed the 
hyoidean; but are sus 
pended, as in the Larm- 
prey, from the sides of the 
anterior yortebre of the 
trunk. In the Sea-hound 
(Scymaus lichia), fig. 63,the 
coratobranchials, f, f; and 
bnasibranchials, ¢, 6 are 
shown, We, the ao 
: ssenen mum, Work of the gills, gy is 
‘Hind hsee mrcbacis Chalice 
pulo-coracoid are, 52, united by cartilaginous confluence at the 
mid-line, not by ligament as in the Sturgeon. 
4) xr, 1995, pl.y. figs. 3&4. Tk may bo questioned whether the detached plate, 
called palatine by Dr, Henle, be not rather tho oatopterygoid, 
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saleable el pombe the palatines are extremely amall, 
and maxillary bones seem to have coaleseail ; 


parallel with them along the inner sides to the same 
part. ‘The articular and dentary pieces of the lower jaw have coax 
Jesced, but there is a trace of a slender eplenial piece on the inner 
side of the mandible, All the bones of the mouth are edentulons, 
but the membrane covering the extremities of the upper and 
lower jaw is roughened by extremely minute denticles in the 
recent fish, Th ceratohyals are partially ossified: the rest of 
the hyoidean arch is cartilaginous. A branchiostegal appendage 
in the form of an irregular elongated flattened bone, resolved 
ly into osseous fibres, extends from each side of the 
commencement of the hyoidean arch. A similar but rer oy 
cular appendage extends backward from the extremity of 
tympanic pedicle. 

§ 27. Shull of Plagéostoms—The more or less cartilaginous skull 
of the Plagiostomous fishes might be histologically regarded as the 
transitional step from the Cyclostomous to the Osscous fishes; but, 
morphologically, it offers a different, apparently simpler Kee ee and 
‘one which, through the progress of developement in 


vertebrate route, more nearly approximates to the cranial organi- 
sation in the Batrachia, The Monk-fish Peusiene ae interme- 


th the body and parapophyses 
hax coalesced with the basi 


representing the primitive sphenoidal 

ending off a rudimental pterygoid process 

x to the median ridge there is a small 

fost, (in the where Squ foramen,) the Inst trace of the 
pituitary canal: the basal then expands to form the 
dower border of the groove hich receives the palatine process or 
int of suspension of the palato-maxillary arch, in front of which 

it contracts to form the vomerine base of the cranium. The era= 
nial cavity ie not moulded on the brain, but is of larger size; it 
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ach a eee a 
illary plate,1s. A strong sharp crest from above 

whole of the er pages perieeder Ss 
regarded as representing the mid-frontal, the parietal, and super 


see 
joint. From the uppe of the palato-maxillary a compressed 
sharp process, i Huse arcane Tiqeely bck ward Seca 
in a point: the inner side of this process is closely attached by 
lignment to the fore and outer part of the frontal portion of the 





the symphysis, where it ends in a point. The articular 
formed by the persistent cartilage. The dentary piece has the 
notehed and and trenchant dentinal plate | SRE to it, and sends 


The 
behind the tympanic SARA it joine its 
the intervention of'a basihyal: it supports a 


Tn the Ganocephala the head waa connected by ligament, as in 
to the vortebral column of the trunk, oe, 


is simplified, or s0 continuova as to indicate reper pees 
i character: and this condition will be noticod 
ion of, the: complex and, instruc= 


Vertebrates, called * bony 
Sse figctecwrcs tiation of the head to the 





af the notochardal expands 
basis to enclose aotak late 


* bones: 
only as ‘endoskeletal,’ the 


occipito-sphenoidal plate. " 

from the condyles to the cartilage, The mastotym- 
panic, fig, 43, 29, fig. 44, 8, 25, fig. 68, 8, extends from the 
mastoid cartilage, where it is broadest, to the outside of the 
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hypotympanic, fig. 43, 29. ‘The parictals, ib., 44 and 68, 7, and 
awe oernipe le edy ne 


eckels carlnge 8 figs 9A and 70, dare exclusively developed 
the mandibular clements, the ‘angular,’ fig. 43, 30, aan Saeaeaep? 
ih, 52, being the chief; there is also a ‘splenial,’ which in some 
perennibranchiate Batrachia supports teeth. As the mandible, 

fg 71, d, lengthens, the tympanic, ib. ¢, shortens and becomes 
more vertical, and the hyoid arch, ib. a, shifts its attachment to 

close behind, but distinct from, the tympanic, 
ots ng lhe ic ade 


bask iisensse sacar, sett is repro- 
posterior part of the common broad and flat basi- 

‘The exoccipitals are separated below by this process, 

and above by a cartilaginous representative of the superoccipital. 
Each a small, almost flattened condyle, 
anterior to which it ix perforated by the eighth pair of nerves; it 
pr eee oi the Veo ee gem ip 
separated from the alisphenoid by the large cartilaginous petroeal, 
to which @ small discoid representative of the stapes ix attached, 





are divided by an unossified tract of some extent from the ali« 
sphenoida, and articulate above with the exreaiiy hopes 


i takes 
the situation of the facial plate parapet, of the nasal, and 
of the lac |. The pedicles (‘ apophyse montante,’ Cusier,) 


tends 
‘The alveolar border of both premaxillaries 
single row of small equal and sharp- 
ittached to the anterior and outer 
yhich may be regarded either as 
a narrow rasp-like group of 
back 


between the beginnis 
maxillary bones. Bi 
dentary piece of re isa second shorter series 
upon the splenial piece. 

In the Menobranch(Menobranchus lateralis) the occipital condyles 
are transversely oblong, convex vertically, concave transversely, 








peta igen on poner dict mere ms 


ahsakc resto mpon the 


ee Ay hy Iiypotympanios; f, f, ple ptery 
vomers: A, A, premaxillarics. 
Tn the Frog (Rana) when the metamorphosis is complete, the 
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exoccipitals have coalesced with the superoceipital above, and with 
the busioceipito-sphenoidal plate below ; this latter, fig. 98 4, sends 
out on each side a process to form the floor of the otocrane, and its 
forward extension is long and narrow: the tympanic developes a 
frame for the large ear-drum, fig. 44, x: the now coln- 
‘melliform, stretches from that membrane to the of the 
labyrinth. * Mockel's cartilage, figs. 69 and 71, d, contributes 
nothing to the bony conductor of sonorous vibrations which 
becomes subdivided into a chain of ossicles in Mammatia. The 
hypotympani nb AA ee ee ee es 
the maxillary, thus articulating, as in the Plagiostomes, with both 
upper and lower jaws. ‘The essential or neurapophysial parts of 
the prefrontals encompass the prosencephalon, and coalesce to 
form a ring of bone, like xi exoccipitals: it is the ‘os en 
eeinture” "of Cuvier,! part of which appears at the upper surface 
of the cranium, fig, 44, 14, between the frontals and antorbitals, 
ib. 15, which here, and still more in the Tond, assume the 
character of nasals connate with lacrymala, Between these and 
the premaxillaries are the small bony parts of the olfactory sac, 
eine described as ‘nazal bones.’ The orbital and temporal 
one wide common yacuity on each side the cranium: 
‘ded from the nostril by the junction of the maxillary, 


ib. at, with the naso-lacrymal bone: the premaxillaries, ib. 7) 
are small bones, with well-marked facial and bedoel 


spectively. 
its branchial es) 


ted the mandible, ib. d “The 
amedian Liter ib. b, which may 
it directly 


7A, ©, ©, coalesce into a ingle pence ts! plate, with the 
ed basihyal,” ib, 8; and the lee ste: are reduced to a single 
pair, which represent the so-called * posterior cornua’ of the hyoid. 


* cexxix. fom ¥, ph 2p, 989, pls. xxlv—aavil., well Uustrate tho of 
eran 1, 989, pls. xxiv , oateology 





cured: 


* oxxxrx. ‘Ce crane ne s’acconle pas plus ave In chéorie dea trois, dox quatee, on 
tméme avec celle d'une vertibre, quiavoe celle de T'identivé de 


dee sept vertébres, méme ave 
nombre des os," vol. ¥. pt Hp. 31. 
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regarded as a mesially divided neural spine (nasal). Thus may be 
discerned four cranial segments having the essential characters and 
relations of the neural arch of sk bceasiosices ‘The upper, 22, 
and lower, 30, jaws, the hyoid, 40, and seapulocoracoid, 20-92, fig. 42, 
constitute four inverted arches; but their vertebral relations will 
be better understood in the composition of the skull in bony fishes. 
§ 30, Shull of Osscous Fishes. — The head is larger in proportion 
to the trunk in fishes than in other vertebrate clases; it is usually 
in form of a cone, figs. 34, 38, whose base is vertical, directed back- 
ward, and joined at once to the trunk, and whose sides are three in 
number, one superior, and two lateral and inferior. ‘The cone is 
shorter or longer, more or less compressed or squeezed from sido 
to side, more or less depressed or flattened from above downward, 
with a sharper or blunter apex, in different species. The base of 
the skull is perforated by the hole, called ‘foramen magnum,’ for 
the exit of the spinal marrow ; the apex is more or less widely and 
deeply cleft transversely by the aperture of the mouth; the eye 
sockets or ‘orbits,’ ib, 17, are lateral, large, and usually with a 
intercommunication in the skeleton; the two 
hehind are called ‘ gill-slits,” or branchial or oper~ 
cular apertures; and there is a mechanism like a door, ib., 35, 36, 
37, for opening and closing them. The mouth receives not only 
also the streams of water for respiration, which 
escape by l-slits. ‘The head contains not only the brain and 
organs of sense, but likewise the heart and breathing organs, 
ri ‘arches are greatly developed accordingly, 
pendages support, membranes that eam act 
fluid, and are more or less employed in 


brain and sense-organa, jaws and 
3, may all belong to the head; 
all and its firm attachment 


difficult problem in Comparative Anatomy. «It is truly remarke 
able,’ writes the gifted Oken, to whom we owe tho first clue to its 
solution, * whut it costs to solve any one problem in Philosophical 
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Anatomy. Without knowing the shat, the how, and the 
peer Sherali eaten moran 
skull, and our contemplation will be littl more than a vacant 
stare at its complex stalactitic form.” 

‘To show what the bones are that enter into the composition of 
the skull of the fish; how, or according to what law, they are there 
arranged; and shy, or to what end, they are modified, so as to 
cia Helly ealestondssicd ha hey to Sas capone 

to the composition of the 

Tiall focal pervabicata, doaiony: cousot Ge omticted wkhost date 

ment to the main end af the most elementary essay on the 

skeletons of animals, The comprehension of the ‘iption will 

Sn ee 
reader have at hand the skull of any large fish. 

Tn the God ( Gadus morrhun, L. fig. 75),¢. g.,it may be observed, 
in the first place, that most of the bones are, more or less, like 


Jange scales; Be etiay cinscoreanres’ cha- 
racter and mode of union, being flattencd, thinned off at the edge, 
and ‘one another; und one sees that, though the skull, 
as a whole, ha “less freedom of movement on the trunk, more of 
the component bones enjoy independent movements. Before we 
PoeessB ea Gallas hs Yves; ray be well to remark, that the 
principal cavities, formed by their coadaptation, are the ‘cranium,’ 
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lodging the brain and the organs of hearings the ‘orbital,’ and ‘nasal’ 
chambers; the ‘ buccal” and ¢ branchial” canals, Sha of thon 
Load feciscae ¢ ‘The exterior of the skull is traversed 

sy five crests, intercepting four channels which 

eens of the goatee ot ene ee 
‘The median crest is developed from the muperoccipital, figs. 75,76, 
and sometimes algo from the frontal, fig. 75, 11: the lateral crest is 
formed by the parietal, fig. 76, 7, and paroccipital, ib. a: the 
external crest by the postfrontal, ib. 12, 


operculum is ieee spines in 

some species, fig. 82. 

In the analysis of the fish's skull 
it is best to begin at the back part; 
for the segments of the skeleton de- 
viate most from the archetype as they 
recede in position toward the two ex- 
tremes of the body. Ram a Vs 

‘uctice one succeeds in detaching: 
ees which form the back part or 
base of the conical skull, and which 
immediately precede and join those of 
the trank ; we thus obtain a © 
or ‘vertebra’ of the skull, If we 
next proceed to separate a little the 

. bones composing this segment, we 
eee ited thon feed most closely in= 
:  terlocked to be in number and ar- 


an arch supported by ity of which 
V  key-stone, fig. 77. This 


its upper surface and protected the hind division of the brain, 
form the ‘neurapophyses,’ 25 the smaller pair of bones, 
processes, are the ‘diapophyses,’4; the 
symmetrical bone comp! leting the arch, and terminating above in = 
long crest or spine, is the ‘neural spine,’ a. It will be observed 
that the centrum is concave at that surface which articulates with 
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are cold-blooded animals—the gymnothorax and slow-warm, 
= wins ins srl’ wappores ae spree there are others 


in those called ‘rays’ par excellence, 
in number, and are of ras Jeng 
conspicuous parts of the fish, © more common 
paren dage in question is that exhibited in the Cod, fig. 34, 
So developed, it is called in Ichthyology the * pectoral fin,’ ib. »: 
mei and variously modified in higher animals, the same part 
becomes a fore-leg, a wing, an arm and hand. 
to the next segment, in advance, in the Cod-fish's 
skull, we find that the bone which articulated with the centruu: 
of the occipital segment is continued forward beneath a great pro- 
portion of the skull. In quadrupods, however, the 
part of the base of the skull is occupied by two bones; and if the 
single long bone in the fish be sawn across at the part where the 
natural suture exists in the beast, we have then little difficulty in 
disarticulating and bri away with it a series of bones similar 
in number and arrangement to those of the occipital segment. 
In the skeletons of most animals the centrums of two or more 
segments become, it in certain parts of the body, confluent, or they 
may be connate they form, in fact, one bone, like that, e. ga. 
mists call ‘sacrum.’ By the term ‘ coniluent* 
or blending together of two bones which 
ate; by nate,” that the ossification of 
s or cartilaginous bases of two bones 


rading and ulna of the frog, 
instances they are to the eyo 


eects oars anasto cc coined a oe 
ahiemul arch. Tn the neural arch, fig. 78, the centrum, neurae 


spine 3 
the neural spine in the Cod, and many oh Pee is bifid, or 
split ut the median line. The centrum is called * basiphenoid, 3; 
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neural arches of the skull. 
‘The extent to which the ear-case ix ossified varies in different 


a, 16, and Carp, 

e segmented 
acoustic organ which it contributes to enclose, there is a body as 
hard as shell, like half « split almond: it is the ‘otolite,’ fig. 


BL, 16. 

‘The hemal arch consists of a pleurapophysis and a hamapo- 
Teck ieiaiasonl st moeal ciney e den aa is in 
two parts, the upper one called ‘stylohyal,” ib. 385 Leela ni 

4, the hwemapop! 


ipports an appendage, 
called * \ Saletan fig. 81, 44, anawering 
to pacer fin diverging from the hawnal arch, in the adjoining 


segment of the skull above described is called 
ectasetcrestens i called ‘mesencephalic ;* 

‘is called “hyoidean” in reference to its sup- 

the movements of the tongue. 

segment, or the second of the skull, counting back- 

ward; can be detached from the foremost segment without dividing 
any bone. It is then seen to — the third and fourth 

FOL. 





the lower piece is the hypotympanie, ib. 28; this 
surface, convex i one way, concave in the other, called a * git 
She (ae 


breat 
€,g.—tho plourapophysis resum’ 
single bone, 2x, which is called the ‘tympanic; in the 
in the Batrachia, figs. 43, 72,9, 2, it is in two pieces ‘The greater 
subdivision, in more actively breathing Fishes, of the tympanie 
pedicle, gives it additional elasticity, and by their overlapping, 
interlocking junction, greater resistance against fracture; and 
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ib. 92, Tn the Cod there ix a 

separate bone, below the joint of the articular, forming an 
and called the ‘angular picce,’ fig. 75, 90, 

consequence of this extreme modification, in relation to the 

seizing and acting upon the food, the puir of hama- 

t it of the skull have received the 


*mandibular:* the neural arch *prosen= 
is called the ‘frontal vertebra.” 
segment, forming the anterior extremity of the neuro- 
skeleton, like most peripheral parts, is that which has undergone 
the most extreme modifications, The = 


SE ean ee i A 
The neural arch, fig. 80, ix plainly mani- “Shr 
4 to 


aoe ceaullea reduced ety ‘essential Coy ae the 

neural spine. The centrum 
is expanded anteriorly, where it. usually meee some teeth on 
its under surface in fishes; it is called the *yomer, ib. 19, ‘The 





(Re ew of ernie versctee amt ecmemcaemtes Cr ead avian ms oman, Cnt (Stare ralph 


sbort and thick; but they send a long backward; this 
ened meee ee senel hei 
at the middle line, sends one process upward of varying length 
in different fishes, and a second downward and backward, and 
its under surface is beset with teeth in most fishes: called 
‘premazillary, ib. 22. Each pleurapophysis supports a ‘diverg- 
ing appendage,’ consisting commonly of two bones; the onter 
rr aa ren: the: present Meena ees jing one, 
‘ 


arch and 
‘On reviewing the arrangement of the bones of the 
‘one cannot but be struck by the strength of the archer 
whieh protect and encompass the brain, and by the efficiency of that 


forming 
what ix termed the upper jaw (mazilia), is called the * maxillary” 
appendages. 
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arrangement which provides such an arch for each primary divi- 
sion of the brain; and a sentiment of admiration naturally arises 
on examining the firm interlocking of the extended sutural sur- 
faces, and 

arch with the buttresses 

stone, and to which buttresses (diapophyses) the larger humal 
arches are suspended. 

In addition to the parts of the nenroskeleton, the bones of the 
head include the ossified part of the ear-capsule, ‘ petrosal,’ fig. 
81, 1s, already mentioned; an ossificd part af the cye-capsule, 
commonly in two pieces, *selerotals,” ib. 17; and an oasified part 
of the capsule of the organ of smell, ‘turbinal, ib. 19. Another 

blage of eplanchnoskeletal bones support the gills, and are 
of slender bony hoops, called * branchial arches,’ 
are partly supported by the hyoidean arch. 


te 
series, and is called ‘Inerymal.’ In fishes they are called ‘ subor- 
bitals,’ and are occasionally present in great numbers, as, e. g., in 
the Tunny, or developed to enormous size as in the Gurnard, 
fig. 82, and allied fishes, thence called ‘ mail-cheeked,’ A similar 


RA AD) 
: ye 


ees Ain as bactet cite rors 
series of bones called ‘supertemporals” sometimes overarches the 
temporal fossa. 
‘At the outact of the study of Osteology it is essential to know 


well the numerous bones in the head of a fish, and to fix in the 
memory their arrangement and names. The latter, as we have 





common pattern. ‘Through an inevitable ignorance of that pattern, 
the bones in Anthropotomy are indicated only by special names 
more or Jess relating to the particular forms these bones happen 
to bear in man; such names, when applied 
in lower aninials, losing that. significance, and becoming 
signs. Owing to the frequent i eicien ky ochre ae 
human bones, collections of them, so united, have received a 
Fingle name, ns, e.g. ‘occipital,’ ‘temporal, &c.; whilst their 
constituents, which are lly distinet vertebral elements, have 
received no names, or are defined as processes, e. g. ‘ condyleid 
ripital bone,’ *styloid process of the temporal 
of the temporal bone,’ &e, The classifi- 
the bones of the head in Human Anatomy, 
eranium and those of the face, is artificial or 
ntly defective. Many bones which casentially 
belong to the ekull are wholly omitted in such classification. 

Tn regurd to the archetype skeleton, fishes, which were the firs 
forms of vertebrate life introduced into this planct, deviate the 
least therefrom ; and according to the foregoing analysis of the 
bones of the head, it follows that such bones are primarily divisible 
into those of — 


“The Solancinkeetns 
The Dermoskeletor 


‘The neuroskeletal bones are aie a four segments, called 


The Nasal Set 





ANATOMY OF VERTEBRATES. 


103 


Each segment consists of a ‘neural’ and a ‘hsemal’ arch. 


(Fig. 81,8, H.) The neural arches are— 


N_ . Epencephalic arch (bones Nos. 1, 2, 3, 4); 
Nu. Mesencephalic arch (5, 6,7, 8); 

N um. Prosencephalic arch (9, 10, 11, 12); 

N tv. Rhinencephalic arch (13, 14, 15). 


The hemal arches are— 


Ht Scapular arch (0-52) ; 
Hou. Hyoidean arch (38-43) ; 
H{ ut. Mandibular arch (28-s2) ; 
HL rv. Maxillary arch (20-22). 


‘The diverging appendages of the hemal arches are— 


1. The Pectoral (54-57) ; 

2. The Branchiostegal (44); 
3. The Opercular (34-37); 
4, The Pterygoid (25-2). 


‘The bones or parts of the splanchnoskeleton which are inter- 
calated with or attached to the arches of the true vertebral 


segments, are— 


The Petrosal (16) or ear-capsule, with the otolite, 16”; 
The Sclerotal (17) or eye-capsule ; 

The Turbinal (19) or nose-capsule ; 

The Branchial arches (45-49) ; 

The Teeth. 


The bones of the dermoskeleton are — 


The Supratemporals (74); 
‘The Postorbitals (72) ; 
The Superorbitals (71) ; 
The Suborbitals (73); 


The Labials (75), and others which will be pointed out in 


certain ganoid fishes. 


Such appears to be the natural classification of the parts which 


constitute the complex skull of Osseous Fishes. 


view of the naturally r 
is shown in the Carp, fig. 83, the uy 
part of the cranium is formed by the neural spines call 


exoccipital 2, alisphenoid ¢, orbitosphenoid 10, and 

Between 2 and 6 is intercalated the petrosal 16: between the 
fore part of 9 and 10 is the ‘interorbital 1s,’ which is an inconstant 
ossification in fishes. The outstanding or transverse 

are the paroccipital 4, the mastoid s, and the postfrontal 12. 


Crain of OD 


In tho Carp the parictals moet and unite upon the vertex by « 
sngittal’ suture: in most osseous fishes, as in the Cod and Perch, 

parated by the junction of the uj 

¢ frontals, 11, 11. 

skull may be seen, Perch, fig. 84, the basiocoipital 1, the 
articular processes of the exoccipitals 2, and the spine-shaped end 
occ The ipital 4, is separated below 
tal by the petrosal 16. The basi«presphenoid, & 
and 9, carries forward the bodies of the vertebra to the vomer t3, 
which ix expanded and dentigerous anteriorly, as the bodies of 
the cervical vertebra support teoth in the Deirodon (p. 57) "The 
alisphenoids 6, the orbitosphenoids 10, and the prefrontals 14, are 
attached to the sides of the basal elements; more externally are 
seen the frontal 11, postfrontal 19, mastoid 8, and paroccipital 4 
On the left side are shown the palatine 90, the entopterygoid 





to-branchials ; the arches being 
below by the ‘basibranchials’ which are attached to 
ase septa, 
occipital, by its upper ane to the paroccipital, 
scapula, 51, supports the coracoid, 92, to which the clavi 
attached, the relative position of which to the corueoid becomes 
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occipital spine is 
ly very lofty, Irgyreiosus, fig. 38: in 
the Light-horseman fish Eee) os Spacite Seve Come ee 
a thick crest of bono, giving the skull the appearance of a helmet; 
but in low flattened skulls the spine ie much reduced, paesy 
merely backward, as in the Pike and Salmon, and 
times obsolete, as in the Remora. ra a fay tasteaiea ta Ba 
posterior part of the superoccipital articulates with the neural 
arch and spine of the atlas, and sometimes, on the other hand, e.g. 
in the Halibut, the entire bone is pushed by the paroceipitals 
upon the upper surface of the skull, where it manifests the los of 
symmetry by the absence of the expanded plate on the left side of 
the spine. 
Tn broad and depressed skulls the paroceipital,! fig. 76, a, forms 
sg sirung creel vee oor Ee re in size ; im narrow amd 


© upper et of the skull, The inner surfixoe of 
f the exoccipital, is excavated for the 


projecting process s ports “the upper fork of the first piece of 
the scapular arch; sometimes, as in Dphippus, by a ‘ioieea arte 


1 parta of the occipital vertebra are thote 


expense of their pennitive eartilaginous bases 5 and, in 

they become anchylosed into piece, like the 

of Anthropotomy, the epeceostsea being as little aeaiee as 
in Protopterus. 


ieee ped dempea topples 
‘Profesor Huxley, in his reproduction liller's figure of of Pobpterey, 
in the Government Publication, (ouxvan,) p. 22, Og. 16, 
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‘The basisphenoid 78 and is usually bifi 
riorly, and sen np ead rey eeding the palsies er 


once anne 18, 

shel which manifests the loss 

es (Pleuronectide), being twisted up 

The basi-pre-sphenoid yarics in form 

of the head in general, being longest and narrowest in 
narrow skulls, and the converse, The whole of its 


any portion enter into the direct 
aera = in the Cod, a small 
hon it gnters more 


tularia, a transverse ridge. ‘The basisphenoid is smooth below, 
where it is usually flattened or convex, but sometimes is pro- 
duced downward in the form of a median ridge, and sometimes is 
for the lodgment of certain muscles of the eyeball, 
ages cole shanolea ere encbyloned 49 
and the result ix a bone that answers to the 

mr a tn ‘08 sphenoides’ of Anthropotomy. As two large 
and important hwmal arches of the head are suspended from the 
tebe ths con the second and third cranial vertebrm, this seems 
to be the condition of the fixation and coalescence of the bodies of 


the base of each alisphenoid 

then sends inward a horizontal 

that of the opposite alisphenoid, forms the 

| east the mesencephalon, and at the same time the 
roof of a canal, excavated in the basisphenoid, and which 
Fes jselae base of the skull, below the cranial cavity, from 
‘before backwards, behind at the under part of the basi- 
occipital ; this subcranial canal exists in the Salmonoids, Sparoids, 





ib, 

In some fishes the sate is 
lateralis, which supplics the vertical fins, The left parietal is 
broader than the right in tho Halibut and some other flat fishes 
(Pleuronectide). 

‘The proccss for the attachment of the great trunk-musoles is 
developed from the outer margin of the mastoid, figs. 83, 85, 6; 
the inner side of this bone is expanded, and enters slightly into 
the formation of the walls of the cranial, or rather of the acoustic 





Hie 
Wet 
Ell 
H 


a 


or *eranial athmoid’ of Cuvier in 
belief that it was tho body of tho 


sending up & median crest 
tly expanded in the fishes 


median line, the divisions 


divided the 
of long al booed subtriangular plates, fig. 76, 


the 
13 narrower in the lofty compressed skulls, smaller in those 


eh 
with 


always enters into the formation of the 
Hach frontal sends up its own crest 


iplete the foramen ovale, 
, and some other fishes, the frontal is 


interspace, or by a direct perforation 
Single 


‘each frontal sends down a vertical longitudinal plate, 


the Ephippus, 


ii 
Pies uaz 
Hl 


ction is 
spine in 

in rae . ? 
parietal bones, In the Salamandroid fishes (e. g. 


their inferior 


: 


i BEE: rh 
fennel 


Cod, 
large orbits, and becoming 


f 
2 
j 
3 
3 
i 
€ 
3 
! 
if 
i 
3 


with sinall and deep-set eyes. 
‘Tunny," the i 


E 


escape by 





lete, but a double’ bony! partition) belewbas 
sine Sa cing eg 


nH 


Pleuronectide, but has 
bones in spect with the 


i 
-5 
5 


terior anglo is truncated, and the rest of that side 
mane form the large orbit of the right side: ‘ia Gh ade 
of the bone retains its normal form: a median crest, a continuation 
of that upon the superoccipital, divides sane ides, a 

The postfrontals, figs. 75, 76, 83, 12, 12, obviously beret 
same category of vertebral pieces as the mastoids, whose promi- 
nent crest they partly underlie and complete, lending their aid in 
the formation of the single (e. g. Cod, Salmon), or double, (e 
Pike) articular cavities for the tympanic pedicle: like the raat 
they are ossified in and from the primitive cranial cartilage; and 
their inner surface is expanded, but this less frequently enters 


into the formation of the cranial cavity: they form the 
iad of the orbit; are articulated below to the orbi 
ee to the frontal, and by their posterior = 


beri 13, is wedged into the under part of 
i antero-lateral angles are articulated to the 
prefron: 8 upper surface supports the nasal bone, sometimes 
immediately, sometimes by an intervening ethmoidal cartilage. 
‘The palatine bonee abut against the expanded anterior part of 
the vomer, the under side of which commonly supports teeth, 
‘The left ala of the anterior end of the vomer ix chilly 
in the Halibut other: flat fishes, In the 
vomer is divided into two, as in Batrachia, by a median cleft, 
Although its posterior end joins obliquely to the under part of 
the presphenoid, it is not, therefore, leas a continuation of the 
series than is the postephenoid, which joins in a 
similar manner with the basioceipital. 

The prefrontals defend and support the olfactory. prolongations 
of the cerebral axis, zive passage to these so-called * olfactory 
nerves,’ bound the orbits anteriorly, form the surface of attachment 
or suspension for the palatine bones, and through these for the 





1 Op tite CERI, IE p. 3B 
: 


vou, & 





bsent in the Lophius, is 
a by arian cama 
condition of the 


but this is a rare exception. In most fishes the nasal cavity ix 
more completely divided by the nasal bone into two distinet lateral 
fozew than in any other clase of Vertebrates. 

In Amia, Lepidosteus, Polypterus, and many extinct ganoid 
Fishes the nasal is divided at the median line. The horn-like pro- 
jection from the fore part of the skull of the Naseus umicornis is 
formed chiefly by a process of the frontal bone, to the under part 
of which a small nasal is articulated. 


bones are usually attached to it extremity 
symmetrical cartilage which is articulated with the fore part of 
the nazal bone, and extends forward to the interspace of the upper 
‘ends of the premaxillaries. ‘This « prenasal’ onege ee 
a cteee the two ‘ossa turbinata:” it is partially ossified 
in the Carp, 
‘The sonso-capsules are go intercalated with the neural arches, 
which are ified to form cavities for their reception, that the 
1 he skull will be best facilitated by deseribing 
| to the hwmal arches of the cranial verte 


wal, figs. 81, 83, 85, 16. 
leveloped 


which alone constitutes 
fig. 58, 16). In the 
accumulation of cartilaginous tiseue upon the base 


buried in the common: thick basilateral parietes 
Tt is blended with that persistent cartilaginous part of 
the Tepidosiren; but, in the better ossified 
osseous centres of the neurapophyses of the 
begin to be established in that cartilaginous basis, 

is likewise, in most cazes, developed Tran Bee ee 
of the labyrinth. Since, however, functions are less 
Jess confined to the particular organ ultimately destined 


Ha 
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the Cartilaginous Fishos, howover, it is articulated by moans of 
with the orbitosphenoid. The osseous cavity or ‘orbit? 
i | 


lodging the eyeball is formed by the presphenoid, 
frontal 11, dears aghroenigaere bow 
opens widely outwards, where it is, often, further circumscribed 
hy the chain of suborbital scale-bones below, and, but less fre- 
quently, by a superorbital bone above. Tho bony orbits in most 
fishes communicate freely together, or rather with that narrow 
prolongation of the cranial cavity lodging the olfactory erura: 
but, in many Malacopteri, ¢. g. the Shads and Erythrinus, the 
Citharinus and Hydrocyon, the Synbranchus, and the genus 
Cyprinus, fig. 83, an osseous septum, 18, divides the orbits. Tn 
the Amia, Lepidosteus and Polypterus the orbite are divided 
by a double septum, forming the proper walls of the olfactory 
prolongation of the cranium, as is the case in the Batrachia, 
‘The olfactory capsules, or turbinals, fig. 81, 19, are lodged in = 
eavity called ‘nasal,’ bounded by a variable number of bones, of 
which the yomer, ib. 1, the prefrontals, ib. 14, and the nasals, ib, 
in many bony fishes the nasal chamber 


“ossicle is developed ; in the 
wider it articulates below to 
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‘expanded end of the bone is attached by clang’ Hgeloaie 
iin which a labial gristle is commonly ‘to the lower jaw. 
In the Salmon and Herring tribe, the Sudis, fig. 86, 21, Amia, 
and most Ganoids, the maxillary supports tecth. In the Miecto- 
A gnathi (Globe-fish and File-fish), the 

maxillaries coalesce wholly or in 
with the premazillaries. To tho Dope 
a) dosteus the contrary condition prevails: 
the premaxillary and _ maxillary bones 
constitute, indeed, a dentigerous 
the upper jaw, as in 

ivided into 


arch or border of 
Treniatun'Tevcianie fig. 86, but are subdi 

maniliary ares areeoimavoe® — ony pieces, a condition which seems 
have prevailed in some of the ancient extinct ganoid fishes, 
the Polyptervs the maxillary is large and undivided on each side; 
it supports teeth, and sends inward a palatine plate to Join the 
vomer and the palatine bone ; thus acquiring a fixed position and 
all the normal features of the bone in higher animals, 
maxillary bone is very diminutive in the Silnroid fishes, and 
appears, with the premaxillary, to be entirely wanting im certain 
Eels (Muranida), 

‘The premarillary (hwmal spine of nasal vertebra, figs. 75,81, 98), 
one of a symmetrical pair in the Cod and most other osseous fishes, 
is moderately long and slender, slightly curved, expanded and 
notched at both extremities: the anterior end ia bent upward, 
ea the nasal process, and is attached by lax ligaments to the 

@ and prenasal cartilage, fete es ee 
Pome ends of the maxillary bones. The 
movably connected to each other by their anterior ends; the el 
Processes are separated by the prenasal cartilage; the lowen'ée 
outer branches project freely downward and outward, fig. 75, 23: 
the labial border of each premaxillary ia beset with teeth, oe 
the maxillary bone is quite edentulous in most oskoous 
in the Cod, ib. 21 Ta Dioden tha “peemasellacen” alain 
Jamellated dental apparatus coalesce and constitute a single sym- 
metrical beak-shaped bone: the premaxillary ix also single in 
Mormyrus, The confluent premaxillaries constitute the sword- 
Jike anterior prolongation of the snout in Xép/ias, and are firmly 
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other fishes, but is richly beset with teeth in the 
Tr piscinly oranda th, Rone of a ace chen 
x sah spon the digth ot Ga eee eee 
joined by its median margin to the vomer and presphenoid, as 

eee aie: Carpeyand Fat er nl he been 
in. Lepidostens, Erythrinus, and ,, and then divides the 
Adi frcen the eadeth Dut more commonly & 


recent fish; in Upeneus, 
icone it ee 


thickened, and concare; edentulous i 
quently supporting teeth, as in the Pi 
palatine appear to form one bous in 


preterit eles two 
is effected in the Salmonoid Fishes, 


junetion or symphy; xix; the approxi« 
mation of which to the anterior end of the axis of the skull is 





the upper jaw; just as the appendages of one costal arch in 
Because aeGuatiecnetare: 

Tympano-mandibular arch, fig, 81, 1, 25—92,—This presents 
its true inverted or hemal character ; its apex or key-stone formed 


in #upports, as in many other fishes, a circular articular sur- 
for the opereular bone, fig. 84,35. Below the condyle, the 
i ic in the Cod, fiz. 76, becomes compressed laterally, 


A strong crest 
peat’ Ths chusympenie i anayle at bois 





trochlea} and by its anterior border to the pretympanic. ib. 6, ‘The 
mesotympanic is confluent with the epitympanie in the Siluroid, the 
Murenoid, and some other fishes; but does not join the epitympanic 
in the Lepidosteus, being i Loppri ieptien i einaine na any 


Conger 
tympanic in the Lepidosteus. 
The ypotympanic, figs. 81, 28, 75 and 84, asd, is a triangular 
pidtaichi bane, ldeedhe:eprtympsnia reysreed) Bearing sha eee 
the lower jaw upon its inferior apex and with 
a straight base. ithe pean eee ch ke ee ee 
Ee ree thececention ot Dee Se a eee 
its inner side is exeayated for the insertion of the pointed end 
of the mesotympanic, and the anterior angle is wedged between 
the pretympanic sai the peered ai ee 
See ean tee eee a 
ina degree fore backw: 
(patie, Cov .)» presents the most remarkable modification of 
the hypotympanic, fig, 87, 2¢; it is much elongated and slender, 
ig the lower jaw at an unusual distance from the base of the 
skull, wend itis devel morebiy connected skitcny pen relia 
mesotympanic, ‘Thus, in the extensive protractile and retractile 
movements of the mouth, the under jaw swings backward and for 
ward on its long 


it 3 genase bey tae 
t pect are ty a ge 
Je in the Murene, viz, the confluent pre 
This 








=e 
be 


and usnally to the back part of 
Edie Obs pean ed oats 


ee 


“hota archfth al thei S88 
and is suspended, in Osseous Fishes, through the medium of Se 
tympanic bone, 25, to the mastoid, 8; showing it tobe the haemal arch 
of the parietal vertebra. whe Bist poetic eae 
85, 3, is a slender styliform bone, which is attached at the i 
end by ligament to the inner side of the epitympanic, ee 


styliform ossicle, ested soermdctie ete 

into the substance of the tongue, called the glosso-hyal, ib. 42 
another symmetrical, but usually triangular, com) 

which expands as it extends backwards, in the middle line, from 
the basihyals ; this is the urohyal, ib, and fig. 75, 43. Ttis connected 
with the symphysis of the coracoids, which closes below the fourth 
of the cranial inverted arches, and it thus forms the isthmus which 





is loosely suspended behind the skull ; 


30, m1, 42, it is not directly 


“piece 
‘scapula, is 

below, and mortised into a groove on the upper and outer 
the lower and principal bone of the scapular arch. The 





giving 
lower end bends inward and forward gradually decreasing to 
peas Slick: teeny ctdinettad a 


The bones of ae head being in completest number, de- 
parting least from the vertebral pattern, and of the 
most intelligible definitions in the class of Fishes, the best 
basis for determining their homologies and fixing their nomencla- 
ture in the higher vertebrate series. 

§ 31. Shull of Chelonia, If the buck part of the skull of a 
‘Turtle (Chelone, fig. 89) be compared with 
that of a Cod, fig. 77, it will be seen that the 
lowest bone, 1, offers an articular surface 
for the centrum of the atlas, passes 


ree 

the ox- 2, and super- 3, occipil mesially, leah laterally 
to the mastoid, #: exeavated on its inner surface by the postero- 
external semicircular canal, and prod ced on its outer surface for 
the insertion of the ‘ biventer cervicis 

homologue of the paroccipital (‘occipitale externe,’ Cuvier), and 
bears the same relation to the hindmost vertebral segment 
of the skull which the mastoid, ¢, does to the next segment in 
advance. 








a, parietals, figs, 90, 91, are united, as in Cyprinoid and 
Ganoid fishes, by the sagittal suture, and are much expanded both 
transversely and longitudinally, overlapping, in the Turtle, the 


superoccipital, fig, 90, 3, perieteresNy k brine oo 
fig. 91, 6, behind; nnd with the frontals, 4b. 11, before: 
parietal, pee i 


hit 
upper end of the tympanic 28, enters into the for 
mation of the acoustic chamber in some Emydians, and projects 
outward and backward to give insertion to the latissimus colli 
and trachelomastoideus, repeats the chief and essential characters 
of the bone so numbered, and called § nate Se 
76, 83, 85,8: nnd forms the transverse process of the parictil 


‘The forward continuation of the vertebral bodies from 5 remains 
‘cartilaginous: the lower half of the sides of the proseneephaloa 


-. 





Af 


Hue 


id, and 
A sco tes Ira hon ng th the 
tympanic, is present in all C@helonia, and divided into 
The proximal piece, fig. 91, 96, is articulated with the maxillary, 
21, enters into the lower and back part of the orbital border, unites 
superiorly with the postfrontal, 12, and posteriorly with the second 
piece, 27, To the bone, 26, the term ‘malar’ ia given; to the 
bone, 27, the name squamosal.” The latter, resembling a vertical 
scale (or ee articulates above with the postfrontal, 2, and 


tie, 
hy boue in the Turtles (figs. 89 and 91), and 
widely open above in other Chelonia, 


i Sacareial internally by the tympanic air-cells; 
ie tan of the columellar etapes, as in 


Sees seis stove idk use fe. 00,6 aa ae 
species with the alisphenoid, in others wi ‘superoccipital, a 
well as with the mastoid, ib. and fig. 91, & 

‘The mandible consista of an ‘articular’ clement, anall, buble 
tinct in the Turtle, fig. 91, 30; connate in Zmye with the * sur 


7 suv, No, 954, p. 189, 
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neurapophyses 
spines, 14, forming the neural (rhinencephalic) arch; with the 
pleurapophysis, 20, hamapophysis, a1, and hiemal spine, 22, 
forming the hemal (maxillary) arch of the nasal vertebra, 
diverging appendages, for the fixation of this hamal 
more developed than in Fishes, where it retains more 
typical mobility. Besides the aj 24, of the 
physis, there is now another, ex 
segments, 26 and 97, from the Besser 5 The 
ossicle, 16’, is part of the acoustic organ: the circle of a 
belong to the visual organ. Such are the ‘general homologies’ 
nk tae nes oth oh ‘lonian head, in reference to the vertebrate 


* Mastoid. 

a. Presphenoid (unoseified). 

10, Orbitosphenoid (in great part cartilaginous) 
1. Frontal. 
12. Postfrontal. 
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13. Vomer. 

14 Prefrontal (with, 15, nasal, distinct in some Chelonia). 

16, (Petrosal, unossified from an independent centre); 16, a 
superadded oseicle, ‘stapes,’ ‘columella’; with a gristly represen- 
tative of ‘ malleus;? in special relation to an organ of hearing affected 
by vibrations of air: superadded to all the bones developed in and 
from the embryonic hemal arch called ‘ Meckel’s process.’ 

1. Selerotala, 





remaxillary. 

2. Pterygoid, with ossification extending into the seat of 23, 
ento-pterygoid_ 

26. Malar (not answering to the bone so numbered in fig. 81). 

27. Squamoeal (ib. these bones do not exist in Fishes). 

ze. Tympanic (here a single bone; its subdivisions are 25—2s 
in fig. 81) 

29. Articular with Surangular. 

29’. Coronal. 

zo. Angular with Splenial. 


47. Cerato-branchial, (or ‘ thyrohyal’ in reference to the 
larynx of air-breathers, 2 new developement upon the vestige 
of the branchial apparatus of fishes). 

so. Suprascapula (unossified). 

51. Seay 

32. Coracoid. 

sa. Acromial process of scapula 

sa. Humerus (rarely a separate ossification in Fishes » 

34. Ulna 

5s. Radius. 

ss. Carpus. 

sz, se. Digital raya. 

The chief differences in regard to the presence and absenre of 
bones between the Tortoise and the Fish are seen in thine 
belonging to the category of ‘diverging appendages :' thus the 
* branchiostegals,’ «3, and ‘ operculars,’ 4—37, fig. 61, are sup- 
pressed in the Reptile; while the ‘malar,’ 26, and squamal, 
27, are not developed in the fish. Some minor, but interesting, 
modifications of cranial structure present themselves within the 
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ida, @ 
In the almost sole instance in which such accossory defence is 
afforded to a non-marine species—the Brazilian Pipita (Podo- 
enemis ‘expansa) — the temporal roof is chiefly formed by 


differs from the marine Turtles in the 

Ser cellisa taceyannt lgeesee oem neni eee 
nostrils; in the greater breadth of the pterygoida, which send 
‘out a compressed rounded process into the temporal depressions: 
the orbits also are much smaller, and are bounded behind by 
orbital processes of the postfrontal and malar bones: the tastoids 
and paroccipitals are more produced backward, and the entire 
skull is more depressed than in the Turtles. In other freshwater 


‘Tortoises (mys, &c.), the parietal crista is continued into the 
bey being extended over the temporal forse; 


. The bony hoop for the membrana tympani is 
nd the | -columellitorm stapes passes through & 


ts anal eae See 

“ropa tho head is proportionally small and can be 
roof of the carapace, ‘The skull 

than in the Terrapenes, The 


Tn the soft-turtles (7 
triangular, the muzzle 
remarkable for its four back 


eee ee 
the two lateral processes are developed from the paroccipitals and 
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ee 


face. Ina fomil chelonian from the Portland stone (Ck. planiceps) 
and im another from the Chalk (Ch. pulckriceps) the nasals were 
distinct from the prefrontals, which is a rare exception in existing 


§ 82. Skull of Crocosilia.—Passing next to the skull of the 
Crocodile, we find the first difference in the less complex condition 


ana ess of the tr oer 
} but its anterior one, like the hind- 
See eee Natta cari iies with the next centrum in ad~ 


level aie descend ie 
larger. The exoccipitals, ib. 2, articulate suturally, like the neur+ 
spophyses of the trunk, with the upper and lateral parts of their 
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centrum; are concave mesially, fig, 94, 2, towards the brain-segment 
eae protect, meeting above it to support the neural spine, 3 
one 


Co Ranria aaareatd outward a strong process, fig. 93, 4, 
hich articulates with the mastoid and tympanic. ‘The anterior 

eee part of the base of this process is excavated by part 
of the acoustic cavity: its onter extremity is rough for the attach 
ment of muscles : it thus repeats the essential characters of the * par- 
occipital’ in the Fish and Turtle; San ee 
transverse process, from the neurapophysis (exoccipital, 2). 
superoceipital, figs. 93 and 94, 3, is broad and flat, like the 
similarly detached neural spinc of the atlas; it advances a little 
forward, beyond its sustaining neurapophyses, to protect the upper 

surface of the cerebellum; it is traversed by tympanic air-cells, 
priest witht c= el par-occipitals, 2, 4, in the formation of 
the ear-chamber, 

Proceeding with the neural arches of the Crocodile’s skull, if we 
dislocate the segment in advance of the occiput, fig. 93, N 2, we 
bring away, in connection with the long base-bone, 5, the bone, % 
‘The two connate cranial centrums must be artificially divided, in 
order to obtain the its digtinet to which they belong. The 
hinder portion, 5, of of the great base-bone, which is the centrum of 
the parietal vertebra, is fo basisphenoid. It supports that part 

halon, which ix formed by the lobe of the third 


under surface i * pete which is suturally united with the 
fore part of that of the basi ivccipital, but extends further down, and is 
mt to the ‘ pterygoids,’ fig. 04,24. ‘These rough 

1¢ long descondi 


3 Pte have, however, a little in 
resting below in part upon the occipital Par trum, and ev 
more of the srw hualcerdea soerentpecsrlegr 7 The 
spine of the parietal vertebra (parietal, figs. 93,94, 95,7), is a single, 
depressed bone, like that of the occipital vertebra it completes 
the mesencephalic arch, as its crown or key-bone; it is partially 





processes for muscular attachment ; sllsea sites sulegesmme bai 
Turtles; and ull of them, in Fishes, offer articular surfaees for the 
ribs of their respective vertebra ; and these characters are retained 
in the postfrontals as well as in the mastoid of the Crocodiles. 

‘The frontal dinpophysis, figs. 93, 95, 12, is wedged between tho 
back part of the spine, 11, and the neurapophysis, 10; its out- 
apes rey din spenoaes, contents Lasley at yaaa Gea eee 
the sueceedis ysis, 8; but, notwithstanding rotro= 
gradation of tke a se arch, it still articulates with part of its 
own pleurapophysial element, 28, which forms the proximal clement 
of thatarch. 

‘There finally remain in the cranium of the Crocodile, after the 
successive detachment of the foregoing arches, the bones termi- 
nating the fore part of the skull, N 4, fig. 93; but, notwithstand- 
ing the signs aby ns carl tues ae 

ition subjects them, we can stil trace in arrangement 
t coriespondenoe with tho vertebrate type. 


Repent rece er expand 
|, thick, triangular Pa with an exposed 
‘These bones, 


iger) 
anteriorly, and appears upon the bony palate. 
EAtooce ull the otter touea of the, bted. of he Ceeeotatate 
adjusted eo ns to constitute four inverted arches, These are the 
hwmal arches of the four segments or vertebra, of which the 
neural arches have been just described. But they have been the 








Ae 
1g 


95, 


extends backward it expands, unites with its fellow both below 
and above the nazal canal, encompassing it so as to form the hinder 
or palatal nostril, fig. 98 0, 2; the coulesced pterygoids articulate 
anteriorly ¥ the divided vomer, the Palatines, and the basi- 
pre-spheno' posteriorly each broad wing, extending outward, 
fives attachment to a second bone, ib. 25, ealled fase 
which is firmly connected with the maxillary, 21, the 

and tho postfrontal, 1s. ‘The second diverging ray of the nvaxil- 
lary arch isof great 3 ivextends from the 

a1, to the tympa 


proportions than in the Turtle (compare 
are the chief Crocodilian Tre (ca of 


i wl arch of the frontal vertebra, fig. 92, , iti, % 
somewhat less metamorphosed, and has no di 
It is slightly displaced backward, and is articulated by only « 
sinall proportion of its plenrapophysis, 28, to the pape 1% 
of its own segment ; atelier: short and strong rib 
articulating with the parapophysia, 8, of the succeeding segment 
‘The bone, fig. 95, 24, called ‘tympanic,” because it serves to support 





vertebra is but a repetition 
elements in the abdominal vertebra. 

Passing next to the hemal arch of 
93, m, ii, we arc first struck by its Sem 
restricted functions have not required it to grow in proportion 
with the other arches, and it consequently retains much of its 


vemapophysis, 
spine, 41, which retains its ardilagiccus nts Westy onset 
in the abdomen: there they get the special name of ‘abdominal 
sternum,’ here of * basihyal.’ ie bentyl bee ee ee 
with the thyrohyals to a broad cartiluginous plate, the anterior 
Tardersuioy Meaty aalve dovciaw Wha coe ea cane 
angles extending beyond and sustaining the thyroid and other 


‘psa to the back part of the tympanic at its junction with 
the paroccipital process; the whole arch having, like the man- 

dibular one, retrograded from the connection it presents in Fishen 
‘This retrogradation is still more considerable i: in bees 


segment of the Crocodi Teleton wich tha of the Fish, Sg 1, 
the chief modification that distinguishes that segment in the Cro 
codile is the apparent absence of its hwmal arch. We 

however, the special homologues of the constituents of shat ard 
of the Fish's skeleton, fig. 34, in the bones #1 and sz of the Gro 
codile’e skeleton, fig. 57; but the upper or suprascapular pices, 9) 
fig. 92, retains, in connection with the logs of its proximal or oranial 
articulations, its cartilaginous «tate: the scapula, st, ix ossified, as 
is likewise the coracoid, 62, the lower end of which is separated 
from its fellow by the interposition of a median, eymmetrical, 
partially ossified piece called * episternum.’ The power of recog- 
nising the special homologies of 50, 51, and 62 in the Crocodile, 
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with the similarly numbered constituents of the same arch in 


the 
rth 


above cited the rarer one of altered connections, Cuvier does not 
hesitate to give the same names, ‘suprascapulaire’ to 20, and 
‘scapulaire’ to st, in both Fish and Crocodile; but he did not per- 
ceive or admit that the narrower relations of special homology 
were a result of, and necessarily included in, the wider law of 
general homology. According to the lntter law, we discern in fig. 
ete aiiafectantpes arpa is.) in se a *heomay 


retain the form of strong and thick vertebral and sternal 

the Crocodile, is applied in the skeleton of that animal over the 
anterior thoracic hemal arches. Viewed as a more robust hamal 
a diesen Es ell al pam ip ade it 
vertel ts we sook to determine that it by the 
Mae yiieiwe wees to's costars the tea Zeplorl 
neural arches of the antecedent vertebre of the cranium or in the 
sacrum of the bird,? we proceed to examine the vertebrw before 
and behind the displaced arch, with the view to discover the ane 
which needs it, in order to be made typically complete. Finding 
no centrum and neural arch without its plourapophyses from the 


been defined as including the * plearay 
age crag of the term and rnc 
huwsmal spine, Dr. Humphrey makes 
the pes tn baal arch, 00 and 51, in fige. 61 and 995 


of tho Vertebrate Skeleton,” pp. 117 





ils proper segment, 

‘The anthropotomist, by his mode of counting and defining oe 
dorsal yertebre and ribs, admits, unconsciously perhaps, the 
important principle in general homology which is here exemplified; 
nnd which, pursued to ite legitimate consequences, and further 
applied, demonstrates that the suprascapula and scapula are the 
modified rib of that centrum and neural arch, which he calls the 
‘occipital bone ;’ and that the change of place which chiefly masks 
that relation (for a very clementary acquaintance with Compara- 
tive Anatomy shows how little mere form and affect 
the homological characters of bones), differs in extent, and 
not in kind, from the modification which makes a minor amount 
of comparative observation requisite, in order to determine the 
relation of the shifted dorsal rib to its proper jcentrane a 
human skeleton. 

With reference, therefore, to the oceipital vertebra of the C 
codile, if the comparatively well-developed and 
distinct ribs of all the cervical yertcbre prove the r 
to belong to none of those segments,? and if that hemal 
required to complete the occipital segment, which it actually does 
complete in fishes, then the same conclusion SS 
same arch in other animals, up to man himeelf, 

* The term ‘simple = appears to Dr, Humphrey, coaxe, pe 4 
‘be mors correct than the word * archetype.” : 

5 Dhan tha test Sh Sack of the soprnenpar element in the Crocodile, and 
then may, with Dr. Hampbrey, seo its representative in one of the cervical 
pophyerm Comp. ib p. 28, and note, p. 164, of the prosent work, 
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maxillo-premaxillary palatine suture helps by its variation to the 
distinction of species. ‘The anterior expanded parte of the divided 
vomer appear upon the bony palate in some Alligators* 

‘The otic capsule remains in great part cartilaginous: isi 
the cranial cavity it is defended by the thin otocranial 
the alisphenoid, superoecipital and a ihial wi seainaliy« a 
small scale, representing a rudimental petrosal. The eye-capsule 
is not defended by bony plates, ae in Chelonie. The turbinals 
remain cartilaginous. 

‘The cranial cavity is miserably small in these huge cold-bloodel 
Carnivora; its main part, ehown in section, fig. 4, 2, 6, 10, may 
be filled by a man’s thumb in a skull of three feet in length, The 
proper brain-chamber is, however, continued along the groove 
beneath the interorbital platform to the second slight 
between the prefrontals, 14, where the rhinencephalic ( 
lobes « forward the trae olfactory nerves. 


tedious or unnecessary, I exeuse myself 
die subject by Cuvier, who, in sho Tnst, 


Eanstachian canals in Crocoditia, Seo also tho preparations, xiv, Now 706, 727,72 
Li pti gdaneaees hero that charnet Crcceditus 

"Ib. xurv p 163, wl teristic of rhoeabifer is speciticd: 
2 Tk No 76h p 100 
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‘with s-xecurved.ipointed hypepophyziat the 
Le ep 
lowes Sow cb ie costal entre on wate 


The basioceipital unites 

and alisphenoid, 6; and in front 

‘exoccipitals (2,2) are each pro- 

ineular process supporting a moiety 

occipital condyle: at the outer side of 
an 


obtuse process, forming the 

continued upon the basioecipital, ‘The 

the exoccipital expands, and is perforated 

it pair of nerves, articulates below with 

basioccipital, is excavated in front to lodge the petrosal 

where it articulates with the alisphenoid, and unites 

superoccipital, x, This is of a subrhomboidal 

spine from its uy and hinder surface, expands 

c proceases, is notched anteriorly and sends 

its under surface, bounding on the 

cerebellum, and by the outer 

parts of the acoustic cavities, 

‘superoceipital articulates below with the exoccipitals and 

alisphenoids, and in front with the parietal, by which it is over- 

lapped in ita whole extent. The occipital vertebra ia aa if it were 

sheathed in the expanded posterior outlet of the parietal one, the 

centrum ‘on the oblique surface of that in front, and the 

anterior base of | 

overlapped by that of the preceding neural spi 

this kind of ‘ emboitement? of the occipital in the parietal vertebra 

with the firm interlocking of the ordinary yertcbre of the trunk is 

19 


i 


PEETHE 
re 
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very interesting: the end gained seems to be, in grovelling 
islet wth tele to of 


Hine peeing al (raed by he a yt 
super-oecipitals) is equal to that of the same vertebral elements 
in the buman skull; but they are moreover 
firm and dense tissue 
cephalon also derives a further and 


overlapped by the mastoids, fig. 07, , which form here a third layer 
of the cranial wall. 


‘The basisphenoid, fig. 96, 5, and presphenoid, 9, form a single 


t! a alisphenoide,. 
the anterior half of the fenestra ovalis, which is completed by 
the exoccipitals; and in their two large perforations for the 
posterior divisions of the fifth pair of nerves, aa well me in ther 





150 ANATOMY OF VERTEBRATES. 


between the olfactory prolongations of the brain, but ix not con- 
Aucnt with the frontal septum: the outer portion of the orbitosphe- 
noidal plate is emooth externally, and deeply notched posteriorly 
for the optic foramen. 


and bent down to rest upon 
pterygoid, 2s. Tt does not reach that bone in the Boa, nor in 
Bacar age at ee 


‘The vomer is divided, a in some 

but is edentulous: each half is a long, narrow Bl 

convex below, conenve above, with the inner margin agit 

raised: pointed anteriorly, and with two proceases eS inter- 

Voting tosh above the hve fhe pit end ice in 
The two tele 

toe tec he oer mal Dee he a 

z they are bent longitudinally outwards in the 

bemicy’ inder about the termination of the olfactory nerves, 

r spine of the nazal vertebra ie divided aymmetrically as in 
Sone hones, fig. 97, 155 Prades = 
ates, wit . wit arching and 

ompleting the olfagtory cural sbotoy all ih a 
a vertical wall, ; applied ema to bei 


sss outward as the point of suspension ofthe 





iE 


of the pterygid 
(Mianidadar orhle-=‘The-tympanie bons, 29, strong, 
pedicle, articulated by an oblique upper wedi talct ds 
fescrceely below fas td entero 





the palatine and pterygoid bones, fig, 96, 20-24, the outer pair by 
the maxillaries, ib. 21, the under pair by the mandibles, or ‘rami, 
as they are termed, of the lower jaw, fig. 97, s1~s2. 

Each of these six jaws, moreover, besides the movernenta ver 
tically and laterally, can be protruded and retracted, i 
of the other: by these movements the Boa is enabled to retain 


pf ilary, which ie movably articulated to the 
palatine, ectopteryzoid, and lucrymal hones ; but chiefly 

by the latter, which presents the form of « short, strong, three- 
sided pedicle, extending from the anterior external angle of the 
frontal to the anterior and upper part of the maxillary. The 
articular surface of the maxillary is slightly concave, of an oval 
shape: the surface articulating with the ectopterygoid on the poste- 





form am anterior point of suspension of Saeome 
pterygoid and tympanic bones; in the connation 
7S. am 


Rael ecner ats do ae 
single, and, with the rest of the 


Ie i 
wen n the maxillaries overlap the nasal join the 


* cuxxtre, ph 15, fige 8, 11, 





97, with those of the Crocodile, fige. 93, 94, and 96, being recog- 
nisod, those of any Lizard will be readily understood, 

Ina New Zealand Gecko (Rhynchocephalus*) the occipital con- 
dyle is unusually clongated temuevereely eas presents the form of 
a crescentic, convex. bar, bent upward. ‘The basisphenoid 
down two short 


ly, and presents the unusual ‘i 

parallel with the posterior half of the alveolar 

ii close to the inner side of this border, lear- 

space sufficient for the reception of the teeth of the 

hare confluent with the summits of the 

proper and accessory alveolar ridges. The palatine bones ar 

united together along the anterior halves. ‘The rami of the lower 
jaw are not anchylosed at the symphysis. The alveolar border it 


| cowun 
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goids: these bones are applied to the back part of the tympanic, 

Sa ths povala nett the middle of their upper 

is perforated near its anterior border. 

Hoong ceanantag postorbital process. The pre 

deyelopes a partial post-lateral wall for the rhinencephalic 

Res externally it supports an antorbital dermal bone: the 

small perforated Incrymal is # distinct bone. Then ee 

maxillary are both single bones, as in most Lacertians. 

Lae wedged anteriorly between the maxillary, palatine, lacrymal 

and ectopterygoid, curves backward as a slender style terminating 

in a point, leaving the orbit uncircled by bone behind: the 

equamosal, wedged behind between the mastoid and tympanic, 
curves forward to 2 point beneath the postfrontal. 

Tn the American Monitor (Zigjus auropesstutes) Soe cmalae 
divided: the malar articulates behind with the postorbital —a dis- 
memberment of the postfrontal, which continues the zygomatic 
arch with the squamosal; there is no ‘foramen parietale.” 

In tho Chameleon the tecth are short, and eo confluent with the 
Jaws that these appear to have a ens The 
external nostrils p 
Srealeutay 


pari post 
aroceipital ma successively from their 
ents, and well manifest their character as 


© vomer, fig. 73, 1, forma the median 
e > posterior houndary. Tn the 
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advance of the interpterygoid; and more rarely there occurs an 
‘intervomerine’ vacuity still more in. 
‘Thus there are definable and pearenetieso pemee ny 
aun it teryomerine’ vacuitics 
id, ‘interpalatal,’ nd i or 
foramina— more or less valuable as characters of recent and 


extreme varieties in the reptilian 
brought to light, may be cited the raigoeateatte Dicynodon, 
and the Prerodactylus. 

That of the first combinea in a peculiar manner some piscine 
with reptilian characters, Te diffors from all existing Reptilia in 
the great size of the premaxillary, fig. 105, 22, and small size of 
the maxillary, 21; in the lateral aspocts and antorbital position of 
the nostrils; in the immense size of the orbits, and in the large and 
numerous sclerotic plates, which latter structures give to the skull 
of the Jehthyosaurue its most striking features, 

The two supplemental bones of the skull, which have no homo- 
oe in existing Crocodilians, are the postorbital and are 

uamosal; both, aoeares are devel in Archegosaurns ami 
the Labyrinthodonts. ‘Tho torbital is the homologue of the 
inferior division of the tal in those Lacertians—e. g., 
quia, Tejus, Ophisaurus, Anguis, in-which that bone is said to 
be divided ; but in JeAthyosaurus it more resembles a dismember- 
ment of the malar, 26, Its thin obtuse scale-like lower end over 
Japs and joins by « squamous suture the hind end of the malar: 
the postorbital expands as it necends to the middle of the back of 
the orbit, then gradually contracts to a point as it curves upward 
and forward, articulating with the supersquamosal and post 
frontal, 12. The supersquamosal may be in like manner regarded 
‘as a diememberment of the equamosal, 97; were it barregr es 
with, the resemblance which the bane would present to the 
matic and squamozal parts of the mammalian temporal bone 
be very close; save that the squamous part would be removed 
from the inner to the outer wall of the temporal fossa. The nostril 
is bounded by the lacrymal, 73, nasal, 15, maxillary, 21, and pre 
maxillary, 22, bones. It isdistant from the orbit about half its own 

diameter, Like the orbit, the plane of its outlet is vertival: 

@ pterygo~maxillary yacuities are very long amd narrow, 
broadest behind, where they are bounded, as in Lizards, by the 
anterior concavities of the basisphenoid, and gradually peer 
to a point close to the palatine nostril, These are smaller than 
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between the nasals, 15. The prefrontal, 14, extends to the nostril, 
‘The lacrymal, 13, forms tho rest of the fore part of the orbit, ex- 


tending forward upon the face. ‘The sides of the: 22, 
bend abruptly down in front of the nostrils, to join the A 
20, 215 hia ortna the. war: bomulaey 00) th eae see 


above and behind with the prefrontal, lacrymal, and nasal bones: 
the maxillary projects below the orbit, like a forward continuation 
of the zygoma, becomes more prominent as it advances, and soon 
forms the outer angle of the three-sided socket of the canine tusk, ¢. 
‘There is a single but strong zygomatic arch formed by the malar, 
26, and squamoval, 27, abutting against the upper end of the tym~- 


all o€ Dicpaston 


panic pedicle, 28. rami of the lower jaw augment in depth 
from the angle to the symphysis, where they are confluent. The | 
le way beyond the articulation. The 
moderately concave, and looks obliquely up- 
‘The elements of the posterior half of the 
1¢ articular, angular, 26, and surangular, 2. A 
plate, on the inner side of the ramus, 

i : h and extends forward to the | 
symphysis, at the back part of which it appears to become om 
fluent with its fellow. The part answering to the angular diverges 
from the surangular, and forms the hind boundary of an ob 
vacuity at the middle of the side of the ramus, the fore part 
which vacnity is formed by a bifurcation of the 
23. This is thickened and strengthened by a ridge, subsiding st 
the vertical channel upon the side of the symphysis, receiving the 
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locked with the neural and hwmal epines of more advanced 
vertebrae, 

All these various supports of flaps, fins, or limbs belong to the 
same natural genetic group of skeletal parts: their peripheral rays 
are not “dermal bones;” they are developed between folds, not in 
the substance, of the integument; although in some instances 
they press away the skin and become conted by a ganoid conver- 
sion or calcification of its outer layer. 

Tho most simple condition of the parial (pectoral and pelvic) 
limbs is manifested by the Lepidosiren, fig. 100. A filamentary 
appendage ia sustained by a single many-jointed cartilaginous ray, 
fig, 101 a, a, In one species there are attached at right angles 
to the pectoral ray fine filaments sustaining the narrow fold 
of membrane continued from ite posterior side. A similar series 
of finer rays supports the membrane continued from the dorsal 
detached dermoncurals of Polypterus. 


Poteyterss eptntire) eamectons. EXXTE, 


The arch sustaining the pectoral limbs of Lepidasirem is also 
simple, departing loast from its archetypal condition, A long 
straight cylindrical bone, fig: 101, a, 51, pl, is attached by a short 
ligamentous mass to the epencephalic arch, ib. m, af which it is 
the rib, or * pleurapophysiz,’ assuming in ulterior di 
the special name of *scapula.’ With each scapula is articulated » 
Inrger and more flattened bone, ib. sz: the two 


larly, is expanded in order to encompass and protect the heart: but 
it is simplified by the abeence of the hemal spine in Protopderus, 
as tho noural spine is sometimes wanting ino neural arch, 

hiemapophysis, 4, in ascending the vertebrate scale, assumes special 
forme, signified by the term ‘corncoid,’ with the number sa In 





Hemmewtary Mtb 4.6, TeplMoxtren ¢ 8, 0, Amplify cx. 


(OF the pectoral member diverges in two directions: one by multi- 
‘of many-jointed rays, the other by simplification aa to 


number of rays and joints, with special modification and differen- 
inti eee : 


answering to the ‘head,’ the upper one to 

the thoracic rib in the Crocodile: the latter 

process (paroccipital). The lower 

ts (wep ib. 51, is a alender straight bone, pointed below, 
and mortised into 2 groove of the coracoid, ib. wa, ‘The two parts 
of the scapula are confluent in the Siluroid Fishes. In the 


Se an Ieee of she 9p 
‘The hamapophyeis, or ‘ coracoid, figa. 34, 38, 39, 75, 85, 62, is 
longer and usually bronder than the scapula, Tn the Cod-tribe, 
Pry 
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its pointed upper extremity projects behind that bone and almost 
touches the euprascapula; a brow 
backward and gives attac! 

below which it bends p teperyro yh ns 

to a point, which is connected by ligament to its fellow, and to 
the urohyal bone, fig. 43. ‘The inner side of the coracoid is ex- 
cavated, and its anterior margin folded inward and backward, 
lodging the origin of the great lateral muscle of the trunk. 

In most fishes the lower end of the arch is completed, as in the 
ae dey th ligamentous symphysis of the coracoids ; but in the 


ephali t 
joi ; suture, In all Fiehes they support 
va defend the heart, and form the frame, or sill, against which 
the opercular an branchiostegal doors shut in closing the great 
branchial — they algo give attachment to the aponeurotic 


a single paca rib; but 
Sompoe of two pieces, as 
bo 34, 38, BS, 9a, is 


ngula process of the coracoid : its slendor pointed portion 
and backward, and terminates freely in the 


in the direct support of the pee 
exietence, oppose the view of thet 


advance of ce ae but this inverted 
ol the b 
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pals senate rien it the first, of two, rarcly of three, 
articulated with the coracoid; the next, of a 
sa tn war whieh, lastly, support a 


rays in the Eyoldens appendage, and the opereular 
appendage. The vegetative repetition o! 


characters of all other organs on their first inteoduetion in 
animal series. The single row of fewer ossicles, figs, 34 and 
SI, 26, supporting the rays, 67, obviously represents the double 
carpal series in Mammals; and the bones of the brachium and 
antibrachium seem in like manner to be reduced to a single series, 
+4, 2% In the ventral fin, fig. 34, e, no segment is developed 
between the arch, 63, and the digital rays, 70: it is in this respect 
like the branehiostegal fin, 40, 44. 

‘The pectoral fia is directed backward, and being applied, 
prone, to the Interal surface of the trunk, the ray or digit answer- 
ing to the thumb is toward the ventral surface. The lowest of 
the hones supporting the carpus should, therefore, be regarded as 
the radius (figs. 34 and $1, 04), holding the position which that 
te pectoral fin of 
the Plesiosaur, = 45, 64, and Cetacea, The upper bone, which 
commonly affords support to a smaller proportion of the carpal 
row, may be compared to the ulna (ib. 55). As a third small 
bone is articulated to the coracoid, in some Osseous Fishes, 
at least in their immature state, the name of humerus may be 
confined to that bone: but in these it is generally above and on 

rather a diamember- 
ment af it, Tn the Salmonide, it is more distinctly developed ; 
it is articulated in the Bull-trout (S. erior)! to the middle of the 
= ‘of the coracoid by a repeats elongated eyeer il i 
ith 


tL 


separate representative of the humerus: in 

ia short and broad plate of bone, deeply emargi- 

tached by suture to the coracoid, and by the 

aa tieey eo radius, and to one or va of the 
to the upper or ulnar ray of the fin, 

Bait Meat ten Sea-scorpion (Cottus), the radius and 


widely separated, and two of the large square carpal 


* xtav, p. 18, No, 40, 


i 


i 


Fett 
i 





= 
Hats 


‘© opposite notches. The ulna is perforuted in all these 
radius is of enormous size in the Opah (Lampris), the 

fig. 38, and the Flying-fish ; it is anchylosed with the 
the Silurus, to give firmer support to the strong 

‘oral spine. Both radius and ulna are connate with 

coracoid in the Angler (Lephius, fig. 102, 94, 95). 

‘The ossicles called carpals are usually four or five in number, 


FLEE 
i 


Corncold and ones of pectoral in, Angin (Lophtinn) 
ag in the Cod tribe, fig. 81, 5¢5 thoy progressively i increase i 
Jength from the ulnar to the radial side of the 


in the Parrot-fish Scarus) and the Mullets (Mugif). 
three in number an 


te rays represent 
in the Cod, twenty in m 


permit an oblique di 
by the uniting fin-mem!| 
ment of the fin, like 





Pe i into two halves as far as ite base, 
qingelery eed 
the series of Osseous Fishes the rays of ‘the pectoral and 
pope the sume modifications ax those of the median 
have been founded the division into * 


thicker than the rest ; fn the latter it is always 
picture ree in some Fishes it forms a strong pointed 


+ In all the Gurnards the natatory part of 
the pectoral member is of large size; but in one species (Dactylo~ 
plerus) it presents an unusual expanse, and is able by aes 


Flying-fich (Exxocatus), 
Tn some Malacopteri and Ganoidei a segment analogous to a 
may be distinguished by modification of structure 

from the stp portion of the fin rays: in the Polypterus 


there are seventeen simple cylindrical metacarpal bones, fig. 103, 
st, the middle ones being the longest: they sustain thirty-five 
digital rays, and are supported by wa 


a 


Bones of pectoral tn of Dolyptvrme 

is supported by a small radius, 55, and 

i with the coracoid. A further 

Pe ee ee 

Fish in the carpal portion projecting freely from the 

ee oe pansion Lopkiond | Eisbes: senate Sales 

where eleven metacarpals support thirteen or fourteen fin- 
ee comets of fou bones. 

In the Plagiostomes the scapular arch is detached from the oc- 

ciput, the conditions of its displacement being the more varied and 

vigorous use, or the enormous expanse, of the pectoral fin; per= 


* Chia Pe 46. 





ee ee 


a pectoral 

anomalous attachment, by the medium of the coalesced upper ends 
of the suprascapular pieces to the summits of the spines of the 
confluent anterior portion of the thoracic abdominal yertebre. In 
the Sharks the scapular arch consists chiefly of the coracoid por- 
tions, fig. 104, 52, which are confluent together beneath the 

cardium which they support and defend; the scapular ends of the 
arch, connected to the coracoids by ligament, project freely upward, 
backward, and outward. To a posterior prominence of the cora- 
coid cartilage corresponding with the anchylosed radius and ulna, 
ib. 54, 99, in the Lophius, there are attached, in the Dog-fish and 
most other Sharks, three sub-compressed, sub-clongated carpal 


Caritagen ofthe poston fn and are othe Dog Hah Apinas atenthadd 


cartilages, the uppermost, ib. 96, the sinallest, and styliform; it 
supports the upper or outer phalangeal ray. ‘The next honey 


supporting by its base the m: 

carpal, ib. 90, is a smaller but uleirap| soc and su 

six of the lower or radial phalanges. Three joints (me 

and digital) complete each cartilaginous ray or repr 

of the finger, ib, 97; and into the outer surface of the last 
inserted the fine horny rays or filaments, ib. 57“, the homo 

of the claws and nails of igher Vertebrata, but which on thein 
appearance, in the present highly organised class of Fishes, mani- 


=| 








scapular arch Semana of the coracoid por- 
Mera fie: 10kes, wilh os crmieant kogectacsiensee Wild 
cardium which they support and defend; the scapular ends of the 
arch, connected to the coracoids by ligament, project freely upward, 
backward, and outward. To a posterior prominence of the cora- 
coid cartilage corresponding with thn srauglcned aie ba 
ib, 54, dere Lophius, there are attached, in the Dog-fieh and 
most other Sharks, three sub-eompressed, sub-elongated carpal 


be ae alates styliform ; it 

or outer phalangeal ray. The next bone, ib. sty 
gular, attached by its apex to the arch, and 
of the phalanges. ‘The thind 


each cartilaginous ray or 
od alo. the outer eusvoea RCs IAEA 


nk f higher Vertebrata, but which on their 
appearance, in the present highly organised class of Fishes, masi- 
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J 
Tortoise (‘estudo) it is shorter, in Chelie, fig. 106, 0, it is longer 
than the scapula, a. This bone in all Chelonians ia a strong, 
columnar one, with the upper end connected by ligament with the 
inner surface of the first costal plate, fig. 51, N; it descends almost 
vertically to the shoulder-joint, of which it forma, in common with 
the coracoid, the ‘glenoid’ cavity, fig, 106, y. The coracoid, 
suturally united at that end with the scapula, pases inward and 
backward, fig. 61, 0, expanding and becoming flattened at its 
median end, which docs not meet its fellow nor articulate with 
the sternum. The coracoid is broad and short in the Tortoise ; 
long and elender in Chelone and 
a9 Emys, fig, 51, 0, of intermediate 
proportions in Tvionyx and Chelys, 
fig. 106, «. The scapular arch 
and proximal part of the limb beiag 
included in the thoracie abdominal 
box, the humerus is peculiarly 
bent and twisted in the terres 
trial gpecies in order to emengo 
from the front fissure, and plant 
the foot on the ground, fig. 51, 
v. In the Tortoise ' 
position of the fore-limls is that 
of extreme pronation, with the 
olecranon forward and outward, 
and the radial side of the band 
downward. The capsule of 
shoulder-joint includes a consider 
able part of the neck of the 
humerus. ‘The hemispheroid head projects unuswally froma | 
back part of the bone, which looks upward: the tal 
are large and bent toward the palmar aspect: that whieh 
internal in most animals ix here ‘ postero-superior;* that 
“external? is ‘postero-internal’ in position; from the former 
continued the ‘deltoid crest.’ The distal ond is o: 
rather flattened from before backward. In the Turtle the hw 
shaft and its lower end is essed laterally: and the 
is almost straight in those marine epecics; in all Chelonim 
solid throughout. The ulna is shorter, and in the Turtle, 
107, b, the olecranon is less developed than in the Tortoise, fig. I 
4,95 ‘The contrast between the marchers and the swimmer 
most striking in the proportions of the toes. In the 
fig. 107, the pollex, i, is short and has two phalanges after’ 


EE 






















Reaper acrh, Chien c 








oy 
oblong and sabcompressed 
fig. 57, 4, fig. 109, a, 56, articulates 
outer condyle of the humerns by an oval 
the thick convex border of which swells out 
hind like the beginning of an ‘olecranon 
shaft of the ulna is 


Le 


the 
and 
less 
the 
first 
the 


‘upon land. 
In the Monitor ( Varanus niloticus) the supra- 


semiossified plate 


the epi 
ossified epicoracoid: this element 
” of the opposite side. In the Monitor, as in 
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clavicle expands at ite medial half, which has a 
perforation cL le rear Tn the 


compressed, 
vail and pointed phalanx. The Chameleon offers an exception 
to the numerical rule, the phalanges being 2, 8,4, 4,3; and the 
direction of the digits modified for the scansorial function in these 
arboreal Lacertians: 1, tt, and 111, enveloped by the skin as far 
directed forward; rv, and ¥, similarly sheathed, 


in Draco volans accord with the usual lacertian 
port of the parachute. But 
of truly volant Reptilee (Pterosauria) they 
the exclusive support and service of the wings. 
111, st, Jong, narrow, flattened, and slightly 
with the spine than in land and een 

strong and straight, and combining, as 
form the glenoid cavity, articulated at 
® groove at the fore-part of a discoid 
juced and keeled. The humerus, ib. 
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03, is more expanded at its proximal end than in the Crocodile or 
Lizard; the inner (uloar) tuberosity is more prominent, the radial 
crest much more developed; with a base coextensive with one 
fifth of the shaft of the bone, it extends in a greater proportion 
from the shaft, affording a powerful lever to the muscles inserted 
into it. The articular head is reniform. The shaft is cylindrical: 


The em wen,’ or that a which the air passed 
a cae -air-cell into the bone, is situated on the fore me, 
side, a little below the radial end of the head of the bone. The 
radius, ib. 54, and ulna, ib. 55, are very long, straight, and closely 
connected together. ‘The digits show the lacertian number & 


‘ cxuix, p. 10, cuxvis p. 451. This discovery breaks down the 
perpetrate nrthiarie bebe 
itean, parcenu nicat pas crenx ni poroé de trout pour Ventrée de 
dane son intévienr.’ Chie ¥= pe % p- 
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fig, 108, the bone ¢, fig. 107, might be taken for a connate 
*seapholunar” In both terrapene, and turtle, the distal 


bout their homology there is no diffi- 
culty; the bone, fig. 107, 1, which supports the pollex, 1, is the 
trapezium Shanes he ae the third a, the magnum ; 


zium unites aoe with the lunare, and this stculaten 

sively with the mdius, lating the scaphoid in position; it 

has, however, on ita ulnar ide, the * cuneiform * articulating with 

the ulna, and a *pisiform’ terminates the proximal row. The 
i is ti 


Chelone, fig. 107, and py dchey 


* our pl xv, fig, 49. 





pisiforme, fig. 109, ¢, in the usual position, 
bones ¢ and d in Crocodilia, is their unusual 
constricted shaft between the expanded ends, 
in shape, for which, when found as 


are generally characterised by 

number of thelr joents, from the fest 

fourth; the Chelonia being the chief 
108, each digit has one m 

ee ann the fifth digit has but one 


nt Fe — Some cold-blooded verte 
a at have neither fore nor hind 
arch and limbs at 
9 
pelvie arch and limbs, 
exist, but less deve~ 
toral ones, and leas fixed in 


‘ventral fing.’ Their rays in osseous fishes, 
Be eee ely emmpporte by the hones, 
which, , near the point of 
prretea the fins without an intervening 
bone, resemble their homotypes, the coracoids ; 
virtue of which ‘ serial homology,’ we infer warioarcn aad timmy, 
5, the|dschia. of. higher "Trove (eal 
a subtriangular plate, supporting the 
; and, cither suspended in the fe 
Salmon and Sturgeon, fig. 29, v, or attached by th 
end to the coracoid, 22, as in the Cod, fig. 36, 6%. The 
ives of tarsal, tibial, and femoral bones, are wanting in 
In Acanthopterans one or more of the anterior rays 
the ventral fin may bo hard unjointed spines, aa in the other 
in Malacopterans all the ventral rays are soft, multiarti- 
culate, and bifurcate. 

Tn no fieh is this incomplete pelvic arch directly attached to the 
vertebral column. If we may judge from the position in which 
the ventral fin appears in the developement of the embryo fish, as 

* xnrv. p. 205, mst told leo pp. 206, 207, Nos. 1079, 1085, 1087, 1097, 
1008, fee farther details of the bony structure of the fore foot in Chelona 

x2 
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a little bud attached to the skin of the belly, and from the fact 
that all the fishes in the geological formations anterior to the 
chalk are abdominal, that is, have the ventral fins near the pos- 
terior end of the abdomen, as in the Sturgeon, fig. 29, v, we may 
conclude that the supporting: bones are, essentially, the hiemapo- 


relation to the two extromes of the abdomen. On the dilieas 
Linnwus based his classification of Fishes; he united 
together, for example, those fishes which have the pelvic or 
near the anus, fig. 29, to form the order called * Pisces 

those with the ventral fins beneath the 


vance at pectorals, fig. 34, v, into an order 

yulaves;” lastly, those fishes in which the ventral 

formed the order called * Pisces Apodes, indicating 

his recognit Acces oe 
lower limbs abe animals, 


ventral fin of nine rays, ¢2. In the Angler (Lophiue pe 
the isehi ‘one end to the coracoid, and. 
its fellow, and support the six rays of 


yt me a, are suspended herpes ey 
vertebra. They su in. eine ey le-join 
Tn ep serie , the Ferked Hake (Phy ima 
" fins 


sul rt the ‘ T » inter i cartilages are. 
ects expanded outer ends of the inverted arch; the anterier ® 4 





£3 


in 
the 


bone, 65, 
iicle, the 


‘several segments of the fin, as in Plesiveaurus, 


Bo real oF ary, of bamerus or femur obscure 
oy SS ctl 





vie arch. A tarsus,’ Se es now 
the ne ‘digits,’ with fewer joints, do not exceed five in 


day. But the course of developement from 
here resumed and traced to the saltatory grade which the hind- 
litnh acquires in the Batrachian order. 

Amphiuma tridactylum, with proportionally shorter hind-limbs 
than in Proteus (fig. 101, p), has them terminated by three toes. 
Menobranchus shows four toes: and Menopoma five, which is the 
number usual in the hind-limbs of Newts and Salamanders. In 
Menopoma, fig. 43, the sacral vertebra, s, has a longer ani 
stronger transverse process, ¢, and riblet, pl, than the vertebra 
hefore and behind; and pl is united to the 
a.and 04, closing the inverted arch by the rib-like , 
To the lower end of this simple ‘ ilium’ Rar preteee 
‘ischio-pubic’ cartilage is ligamentously attached the short ant 
simple femur. To this succeeds a shorter tibia and fibula 
latter reminding us of the plesiosaurian fibula, by its 
curve, The tarsus is cartilaginous in Menepoma; the 
support 1, 2,3, 3,2 phalanges, respectively, from the i 
to the fifth, v, The toes are webbed to near the last joint. 
joint in the limb is syndesmotie, and the ossification of # 
limited to an outer crust, covering persistent solid carti 
the decomposing body this dissolves away; and if the 
parts become petrified, the fossil bone appears to have hail 
medullary eavity. 

Tn the Land-salamander the broad ischio-pubio plate, | 

ns becomes oseified at 4, but remai 
ginous at the an, rede and bs 
whence it exten 
as at d, eerie baba het dl 
—} minal ribs in higher reptiles, 
vascular perforation in each 
the plate. The ilium, a, retains its) 
favs Sisenter, rib-like character, 
The Tadpole, fig, 42, affords a significant example of # 





inal ridge; the distal end is expanded and truncate. 
Both ends of the femur are usually in the state of 
The tibia and fibula are confluent longitudinally, but preserve 
their respective medullary canals, and indicate their transcend- 
ental distinction by an anterior and posterior longitudinal furrow 
at the expanded ends of the seeming single bane; usally, also, 


stitutes each articular end, 

axe much elongated. The former is slightly bent. They com- 
monly coulesce at their proximal and distal extremities; at the 
former, by means of an epiphysis; at the latter, with the connate 
representatives of the naviculare, s, and cuboides, 8, “Two cunei- 
form bones remain distinet and support the three inner toes, i, i, 
iii: a third expanded bone projects, like pplemental digit, ef, 
from the inner (tibial) side of the tareus; it may represent the 
*entocuneiform.’ One (dana) or two (Pipa) sesamoid bones are 
developed in the extensor tendons bebind the tibio-tarsal joint: 
their function ie that of the leyer part of the calcaneum, oe 
first metatareal supports two phalanges, 1; the second, two; the 
third, three; the fourth, fonr; and the ‘fh, three. | 

In Bufo agua 1 found a semiossified tubercle upon the proximal 
end of each ilium. In Pipa, the confluent calcaneum and cuboid 
form a long three-sided hone with the angles sharp: the long 

lus presents a similar form. 

To the student of Comparative Anatomy entering upon ‘the 
vast domain of that science with ideas of the bones peer 
those of the human skeleton, and associating the special shape 
and proportions they there present with the names that have beet 
learnt from Anthropotomy, few parts are more perp Ir 
ceptive than the pelvis ‘the Chelonian reptiles. Viewing, fit 
example, that of the Zrionyx, as it is represented in fig. 
would conclude h to be the diag bones, and i the pubic 
separated at mphy: answering to the parts 80! 
in the single * os innomin of man, ‘The rectification 
error affords n valuable lesson of the unimportance of 
shape in determining special homology, and of the » 
knowing the fotal as yell the adult conditions of the b 
pelvis, He would learn, first, that the threefold nature 
* inmominate” tone, which is transitory in man, isp 
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descends and meets its fellow at the mid 


the bone J: e¢ being posterior in position 

te ischia of the human fetus; 6 5 to the pubis. 
remarkably expanded, and, besides forming an exten- 
symphysis between 5,2, each developes a broad angular 
a ity which is ligamentously attached to the 
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A elight modification is presented by mies iN telnet 


of the pelvis 


is given from the doreal 


aspect, eacrum being 
removed, in fig. 116: here i shows the end of the ilium, «2, which 
was attached to that part of the vertebral column: a is the ex- 
panded acetabular end of these short, straight, columnar bones. 


Polvts of Traps, from ator, without the mera. ett, 
¢, develope tubcrosities f, f, and unite at the ischial 
The pubies 4,4, articulate by a bronder tube 

the plastron, and have a greater transverse extent. 
of the pelvis is is not, as might be supposed, between ¢ 


3 and, were ossification to be extended from 

6 pubic, 2, aymphyala, it would be divided tala 

called ‘ foramina ovalia seu obturatoria’ in the 

h division docs actually bepeenr jes 
a Terrapenes, as shown at Y, fig. SI, in 


in its fellow at the median symphysis 
To and downward a long 


to the xiphisternals, and the 
same parts of the plastron by the 


orter than the humerus in the Turtles : berks 
ounted by a broad, thick, short trochanter: the 





there a medullary cavity : ossification extends : 
the two bones of the leg, ib. x, ¥, are nearly straight ; the tibia is the 
largest, with the proximal end almost semi- ur 
aie snd the distal ‘one less oxpanded 


with a 


ng a claw. . 
i: digit, fig. 117, v, has two small phalanges 
and Cistudo the digits decrease in strength 
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from the firat to the fifth, and in length from the second to the 
fifth. Tn the Land tortoises, the fifth toe ix redueed to a metatarsal 


18 


serial homol: 


rudiment: the others are short and thick, fig. 
118, each with two phalanges, the second sup- 
porting a claw, and adapted, like those af the fore 
foot, for burrowing. The two extremes of modi- 
fication of the hind foot in the chelonian series 
aro prosonted by the Turtle and Tortoise: the 
great comparative weight and bulk of the body 
to be supported on dry land involve a form of 
limb and foot resembling that in the Elephant ; 
whence the largest kind of Land-tortoise has been 
termed ‘ Testudo elephantopus.’ 

‘The goneral homology of the pelvic bones of 
the Crocodile has been previously discussed, 
pp. 67-69, and illustrated, figs. 65, 66, 67. The 
of the two hamapophysial elements derives satie- 


factory elucidation from their crocodilian condition. Of those of the 
scapular arch, called clavicle’ and ‘coracoid,’ in the vertebrates pos 
sessing both, the anterior very rarely enters into the formation of the 
joint for the appendage; whilst the posterior invariably does 0, 


| aft potete bones Cresadita, ort 


In the fortal mammal, before the coalescence of the stunted cor 


seen. So in the Crocodile, the posterior 
iB, combs with the ilium, 63, to de 


ticular characters 
placed anterior to the joint, and abutting by itt 


mesial end against the abdominal sternum, figs. 5, 6, 10, +, a 





overlapping arrangement of their expand 


are webbed in true 
but semipalmate in 

Tn most Lacertians two verte 
brw are modified for articulatia 
with the iliac bones, as in the Mo- 
nitor ( Varamus, fig. 121, 4): but 
in the Chameleon there 


ing obtusely, and bends: 

as it passes forward with a sheet 

process above the acetabulum 

Both ischinm and pubis ove 

m in ing thix cavity. The ischinnm, 6 

is usually most expanded at its symphysial border, which is pe 
duced backward. The pubis, f, appears as a more direct 
tinuation of the , and is perforated near its acetabular 
anterior to which it developes a process, The symphysial 

tilage is ved from the ischium to the pubis, dividing tt 





teal 


me 


3443 


settles the 


tnrtatarsially shaped bones supporting the toes, and - 


5 . 


ity, 
outer 


ee 


§ sary. p. 149, No. 678. 
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4 
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old 
better developed, 
and with a more 





cae 

ipports two 

the third and fourth, each four ges; and the fifth, three. The 
first and second toes are 
ee foot, 
contrariwise to the arrangement in 
the fore foot. 

In the Pterodactyle, fig. 111, 
the hind limb adhered closely to 
the lncertian type; the metatarsals 
were distinct; the phalanges in- 
creased in number from the first 


plex structure in the 


Dicynodont' and 


Manes of tog and fut, Manton erate eC 
vertebre were modified with interlocking centrums and 
the 


contiguous halves of two centrums. ‘The femur 
upper and external ‘ great trochanter,’ besides the 


Very. oxave (1841), pp. 114, 130, 





Shores tetas pane 
‘in length have been discovered. the 


Neale csidecl Selsicoerses th tne Nad 


PEEES 
Heli 


iL 


ut 


: Rones af the leg and foot, 
Laptslipide of the lower and) middle coltes =e 
has been preserved to ua through the thin coating of petrifiable 
ganoine with which their minute and delicate scales were covered. 
‘Tubercular integument, like the ‘shugreen' of sharks and dog- 
fishes, has come down to us from a period as remote as the 
Silurian. In skates and rays the skin is studded by bone in larger 
masses; sometimes, ax in the © Thornback, developing 
bent spine. 
The 2 blake Perch and other Acanthopteri, 
larger and fower spear-like weapons of the Sticklotock 
( Gasterostei), Sheat-fishes (Siluride), "Trlager-fishes( Balistes), and 
some Snipe-fishes ( Centriscus), aro all parts of the dermoskelcton. 
eee sees pisos is ta tho anterior dorsal 
erectile spine: its base is expanded and 
peltsery Np ie ae ee meres Lats pmoatealy 
through it: when the spine is raived, a hollow at the back part of 


Sours. 
vou & o 
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ine in he ct non te aero peelichey 
sea forced dow: 


if 
aie 
Hi 
Tretk 


» This Rettig aes hase be compared to the 
ia serene "When ‘the using ie antized 
down it ix received into a groove on the supporting 
offers no impediment to the progress of the fish through 
‘The generic name (#alister) and the common Italian 
fish (Pesce balestra), refer to this structure: the 
ened by ganoid grains, whence our English nam ish. 
The hind border of the analogous weapon of the Centriscus 
humerosus and of most Sheat-fish is denticulated, so that they 
inflict a ragged wound. Tn all such weaponed osseous fishes, the 
base of the spine is modified for articulation with another bone, 
Tn gristly fishes so armed the base of the spino is simple, smooth, 
hollow, implanted deeply in the flesh and attached to ligament 
and muscle, 

The great majority of such weapons found in a fossil state, 
called ‘ichthyodorulites,’ show by their basal structure that they 
come from Plagiostomous fishes, and exemplify in a remarkable 
manner the efficiency, beauty, and varicty, of the ancient armoury 
of that order, In some, the marginal serrations were themselves 
denticulate (Edestes),' Cortain Rays (Trygon) have spines with 
both margins serrate.® 

‘The series of side-geales perforated by the mucous duct in the 
modern soft-scaled fishes are usually more or less ossified. In the 
Eel tribe the lateral mucous ossicles are tubular and concealed by 
the epiderm. In the Sole and Plaice the mucous ecale bones of 
the lateral line are quite superficial. There are many cireslir 
radiated ossicles scattered over the dark or upper side of ect rem 
of the Turbot. A row of small chevron-shaped dermal beset 
extends along the median line of the belly of the Herring, 
extremity of each lateral process, fig. 37, dh, is : 


abe 
re 
fist 





that of the long and slender vertebral rib, completing the 
arch, like a eternum and sternal ribs. The Dory has tyo ro 
thick osseous plates slong the under part of the abdoment 
their superficial position indicates their essentially dermal 
ter. Parts analogous to a sternum are thus supplied fi 
exoskeleton as they are from the splanchnoskeleton in th 
prey, fig. 113 but the true homologues of the sternum 


d euxxe, ps 1M, Og. 38, * 1h 133, 
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underlies the plate da, in Acipenser Sturio, so also do the ossified 
ex-and super-occipitals underlie in Polypterus the three dermal 
plates corresponding in position with ds in Ae. Sturio. The true par- 
occipital ix equally distinct from the plute marked d s,in Ae. Stiri 
and its representative subdivisions in Polypterus, The dermal 
plates in advance of these coalesce with the true parietals, frontals, 
postfrontals, and part ‘of the mustoids. But the varieties in the 
dermal plates within the limits of a genus, as exemplified by the 


single interfrontal in Acipenser Sturio, by the three interfrontals 
in dc, Seypha, by the divided superoccipital plate in Ac. brevirer- 
», sufficiently warn against the confusion arising from 
applying to dermal plates the names of the true cranial bones in 
recent and extinet ganoid and placoganoid fishes, The meilian 
cranial ganoid plites in the Sturgeons are plainly a continuation 
forward ofthe eee plates, (ib. ds, fig. 125), of the mid-line of 
the back; and examples of a like re- 
tition oceur amongst the Osseout 
Fish in the dermal epicrunial spines, 
for example, of the the Angler (Laphias), 
which support the long 
ments oe te in those | 
modified ones forming the 
on the head of the Kemora. 
peas ere ee Tn certain fishes of the Devonian wt 
Old Red Sandstone period the head and part of the teunk were 
eneased by coarticulated ganoid bony plates. Fig. 127 shows the 
proportions in which the exo- and endo-skeleton entered into 
conservable framework of one of these ancient fishes, ten 
Coccosteus (hokkos berry, osteon bone), in reference to the 
cular enamelling of the exterior of the combined helmet an! 





The genera Polypterns and Lepidostens 
exceptionally exemplify the latter con- 
dition of the dermoskeleton: at the 
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scale, in the way that tiles are pegged together in the roof of a 
house. 

In the Poreupine-fishes (Diodon) tho spines are b 
triradiate interlocking dermal bones. beatae 2) 

§44, Dermosheleton of Reptiles.—In the Scincoid family of the 
Lacertians, the acales are more or less ossified; least so in the 
smooth-scaled genera( Seineus, Tiliqua); but in Cyeodus resembling 
scutes, and pia aboathiy carats to the surface. 

Lophura, and Xiphosurus velifer, dermal bones in is form of 
spines project or raise the skin above the dorsal or caudal vertebra, 
The horizontal plates connate with the neural spines, and with 
the ribs, are dermal ossifications, as are the neural plates and 
marginal plates which remain distinct from the endoskeleton, 
in the composition of the carapace of the Chelonia. The 
is also formed by dermal plates, connate with the sternum and 
sternal riba, 

In existing Crocodilia the upper surface of the trunk is de- 
fended by bony scutes, usually quadrate in form, smooth on the 
inner surface, sculptured and longitudinally ridged on the outer; 

in transverse series, more or less apart, of twos or 
fours, upon the neck; but six or eight i in @ transverse line and 
close set, so as to haye a longitudinal as well as transverse 


arrangement along the back. ‘The numbers and patterns of these 
scutes are noted in zoological comparisons and characters of 
genera and species.! The Alligators are defended by a ventral 
as well as dorsal cuirass, separated, as Natterer observed in 


‘The presence BPs 
and their distinctive 
The dorsal scutes 
the posterior n 
row. 
‘Teloosaur, of which 
last. cervical and first: « 
only the two scutes in 
which border the mi }of the abdomen; the other have a 
alternate interlocking arrangement. These ventral. scutes anh 


+ ers tom, r. pp. 19, 80, pl. ts * ceva tom. it, (1840) p. 820, 








oS 


CHAPTER IL 
MUSCULAR SYSTEM OF HAMATOCRYA. 


§45. Structure of Musele— Muscular tissue is fibrous,and resol- 
vable into fine threads inclosed in a delicate sheath, called * elemen- 
tary fibres.’ ‘These, in Vertebrates, are of two kinds; in one the 
fibre is crossed by close parallel lines ; in the other it is amooth, 
The transversely striped character is too fine to be seen without the 
aid of the microscope; but may be indicated to the naked eye by 
the irideseence of the surface in certain lights’ All the muscles 
subject to the influence of the will, or cerebral action, have striped 
fibres. Most of the involuntary muscles have unstriped fibres; 
paypn wirerprekerdpmentiaias ecient and, on 
the other hand, the muscles performing the rhythmical movements 
of the gill-covers in fishes, like those of the thoracic walls in 

airbreathers, have the 


Vt] striped fibre. poe oy 

A cross parallel lines, longitudinal 
ones, darker, wider apart, and of 

varying extent, often present them- 

selves on the elementary fibre of 

feed wolinitery muscle, ax in fig. 128, 


‘Rertians of sitiped chomontary Gunes, 
Patel themes te Pe teeoe ole 


hee tudinal tracts, have beeo 
termed ‘fibrils,’ fig, 128, a, 4 and c, and these have a show 
of segments equalling in length the breadth of the transverse 
strim. Sometimes such segments appear by alternate dark and 
light parts of a continuous rectilinear fibril, as in the pore 
tion at «, fig. 128. Socnetimes the seqmedts ark reed ee 


Pac whip i. teres p60 TK 


th rane in the lower Sometimes the striped 
e as ‘portion, at e 
fibre cleaves into transverse portions or dises, fig. 128, B, a, b, 
corresponding in breadth to the cross-stripes, and to the seeming 
segments of the fibrils. 
The following is the ay. diameter of the striped fibre, of 
different classes, in fractions of an inch: — 


> «+ «+ from zhy to dy 

os + |» eee » The 

+ +» aon » she 

+ + ow aioe» het 
Thus, among vertebrates, fishes, and in rani Seaita (eay 
have the thickest clemontary striped muscular fibre; and its 
elastic tunic, the ¢surcolemma,’ ean be best demonstrated in them. 
fi ar a alt paremeece pam the sarcolemma @ 

remain, connecting the severed portions, 2, b, 

ee Tiss ckavecteciarvial property of muscular fibro is to alter, 


‘tte sf abv cormemnaty artnet asrulae Hee 9 etd eer 
iy the warn Teh aarvcdencnnn 


under stimulus, its relative dimensions of length and breadth. 
When it becomes shorter and thicker it is said ‘to contract ;” and 
by these contractions the movementa of the body, and of its parts, 
are produced, — 

Tn the contraction of « smooth elementary muscular fibre it has 
been seen to grow thicker at a part, and shorter, without falling 
cas of Waleteght ling’ Tn the contraction of a striped clomen- 
tary fibre it has been seen to grow thicker at successive parts, by 
approximation of the cross stripes, as in fig. 130, at a, a, a, along 
one side; or engaging the whole thicknoas of the fibre, as at J, b,b; 
and these successive partial thickenings, with concomitant shorten- 
ing of the fibre, have been termed * waves of contraction.’ 

‘On the cessation of the act, the fibre may fall into zig-zag folds 


2 cexaxrs pe 510, * xenv, Editor's note, p. 961. (1887). " orxexy, p. 595, 
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Ete ae Riel but it is commonly drawn onbateaight, as 
before the contraction, 


190 


(erager of contrscilan soem In an 

fherueeiiary Mire of thy Akate. Tse 

foppermodt state la Phat previnue to 

‘aye com ‘of contraction. 
cuxare, 


by ‘antagonistic’ muscles, in the living 

animal, The uncontracted state of mas 
cular fibre is sometimes termed * relaxa- 
tion, but is more properly a state of 
quiescence or equipollency. 

Muscles consist of series or bunilles of 
the elementary fibres, with their vessels 
and nerves, connected together by areolar 
tissue: either in lengthened or flattened 
masses, fixed at the two extremities, called 
* solid museles;* or disposed around cavities 
or canals, and called * hollow muscles.’ 

The non-contractile fibrous parts by 
which the ‘solid muscles” are bce 

the endo- sclero- and exo-skeletons, 
called ¢ tendons’ when long and dandan aad 


‘aponcuroses’ when broad and flat. 


§ 46. Myology of Fishes.— The modification of the active organs 
of motion, and their deviation from the fundamental vertebrate 
type, proceed concomitantly with the metamorphosis of the passive 
organs, a8 Vertebrates rise in the scale and gain higher and more 
varied endowments: therefore, as the segments of the skeleton 


preserve the greatest amount of uniformity in the lowest class, ® 
floes the principle of vegetative repetition most prevail in the 
corresponding segments of the muscular system. 

‘The chief masses of this systom in ordinary Oseoous Fishes are 
disposed on ench side of the trunk, in a series of vertical flakes oF 
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muscle, with tendinous intersections directed downward and back- 
ward —the lower portions, 6, a8 a ventral longitudinal muscle, 
with tendinous intersections directed downward and forward, 
whilst the margins of the middle portions of the myocommas, e, 
being curved, and usually bisected by the Jateral mucous line, have 
been taken as indications of two intermediate longitudinal muscles, 

Tn the Sharks, instead of a curve the margins of the middle 
portions of the myocommas form an angle with the apex turned 
forward, fig. 132; and in the Rays the dorsal portions have 


ascten of fe yar ot Raul (Smabas plavems SAAIK 


actually become insulated from the middle ones, and metamor- 
phosed into a continuous longitudinal muscle, fig. 139, a, the 
change being essentially the sume with that which the 

bony segments themselves undergo, when by anehy- 

the sacral or cranial vertebre are blended into a 

continuous longitudinal piece. In many bony fishet 

the middle fibres of the caudal myocommas are dix 

posed in two cones; a transverse section of the tail 

oa cnt BS in fig. 133, shows the 4wo concentric series of cut 
regiments of the sheathed cover, on each side of the 

spine. The portions of the myocommas abaye the lateral line 
become grouped, in fish-like Batrachia and in Ophidia, into three 
itudi parable respectively to the ‘spinalie 
and* -sacrolumbalis,” the portions below 


opposite side of the body hy the vertebre, by the int ral 
and interhwmal aponeurozes, and by the abdominal cavity and 
proper walls, fig. 131, 4, p. The ventral portions recede from 
other to give passnge to the ventral fins, v, as in fig. 135, a: 
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the ventral and lateral tracts separate to give passage to the 
toral fins, ax at a, h, Sy. 134. : a 


separated 

ventral tract, fig. 135, a, derives = firmer origin from the clavicle, 
and, in consequence of the forward curve of the coracoid, it is 
not only expanded but lengthened out, in order to be inserted 
there. Bat the serial homology of this fasciculus with the more 
normal yentral portions of the succeeding myocommas, the hama~ 
pophysial attachments of which have not risen above the aponou- 
rotie state, is anmistakeable. The lateral portion of the anterior 
myocomma, fig. 134, h,g, is attached to the upper endof the coracoid 
ion, f,to the supraeeapula, par- 


scapula to the mastoid, fig, 137, 20; the ventral portions in the 
fasciculi continued from the coracoid forward to the hyoid, e, ¢, 


(ids meet of tem, eer UH 


fig. 135: the ling portions of the more anterior 
muscular segments may be recagnised in d and 27, fig. 135 





Oe ee ae 
to set upon the beamchicstessl appendages. the 


‘The upper and lower jaws are so connected together in Oxscour 
Fishes that ome cannot be moved without affecting the other, and 
both are slike moveable. Frotrasion and retraction affect them 
cqually. and usually to = greater extent than divarication and ap- 

or the opening and chutting of the mouth; ing 
minor degree, also, the two halves of both maxillary and mandibu- 
lar arches have transverse movements, varying the angle at which 
they severally meet at the premazxillary or, 
‘The most important retractor, which tends in that action also to close 
the mouth, is the large subquadrate muscle, retractor oris, fig. 134, 


coroncid process ; ; and by an aponeurvsis into the membrane uniting 
the two jaws near the angle of the mouth, The mnselo which 
tends to open the mouth by depressing the mandible, on which it 





Lower menneten of heal and fin Perch. Sxxrti, 






exclusively acts, is that marked 27 in fig. 135; it arises from the 
ceratohyal, and is inserted into the back part of the dentary, now 
the symphysis. Cuvior dooms it the homologue of the genial 
cideus. Above the insertions of the geniohyoid pair is a oe 
the intermandibularis, fig. 135, 21, which passes 

one dentary to the other, approximating the halves of yes: 


i 
} 
| 


a + 
ii tL 
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former, and becomes through the medium of 2, a retractor of the 
mandible. When the retractor hyoidei relaxes and the mandible 
fa the fixed point, the yoidei, fig. 135, 27, become pro- 
tructors of the hyoid arch. Tn some fishes a transverse muscle, 
repeating the characters of 21, fig. 135, passes from one ceratohyal 
to the other. The branchiostegal appendage has muscles for rake 
ing and depressing, divaricating and approximating the rays, The 
levator branchiostegorum, figs. 136 und 136, 2s, arises from the 
inner surface of the hinder half of the opereular bone and from 
a contiguous part of the subopercular, and is continued from ray 
to ray to the lowest, being loosely attached to their inner surface. 
It forms a kind of muscular capsule of the branchial chamber, 
The depressor branchiostegorum, fig. 135, d, arises from the lower 
end of the ceratohyal and passes obliquely backward, crossing 
its fellow, to be inserted into the inferior branchiostegal ray. 
‘These muscles rogulate the capacity of the branchial chamber, 


he water it contains: they show accorl- 
‘ially 28, in relation to the respi 
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‘The lower portions of both muscles are shown in fig, 155, 14, 15 
Of the inner pair of muscles, a portion of the deeper layer, dis 


sumber 
fasciculi divaricate or approximate the rays. 

‘The ischial basis of the ventral fins in abdominal fishes may be 
moved a little forward or backward by the action of the * infra. 
eariniles’ according ws they lie in front or behind the pelvis 
‘The’ late, € retractor diekiiy fig, 131, 40, pasm ‘backward $0 
‘vent, inclose it, and are continued to the base of the 

ir ischii, fig. 136, 18, passes forward to be attached to 
Tower end of the coracoid, ‘The protractors are short in zt 
fishes, c. g., the Perch, and less distinet from the lower 
the myocommas than in ventral fishes, e. g., the 
fishes, ¢. g., the Lophius, where the ischia are wide apart, there 
abi lbesigoser tivndla corde Gaon toqudals ca Rae 
the portions of the side muscles that tend to draw them further 
tauscles which act upon the ventral rays, like those 
toral ones, form a pair, or two layera of slightly decus- 
on both the outer and inner sides of the base of the 
outer or inferior muscles, fig. 135, 16, 17, depress or 
extend the ventral fins; the opposite muscles mise or flex then. 
of the deeper depreseor shown at 17, fi 135, serves 
to expand or dilate the ventrals, 

The movements of the rays of the median fins are effected 
by throo or four pairs of small muscle attached to cach ray. 
The supe 
inserted into the sides of the base of 

pine, ‘T' deep ones, ib, y, arise from the interneural | 
or interhwmal spine, and inserted into the base of the 
dermoneural or dermohwmal 
137, 9, erects the spit 


rn z 
chs ‘muscles upon the caudal fin, Tho rays of 

portant fin are moved by three series of muscles, the one: 
ficial, the second deep-seated, the third interspinous 
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superficial muscle, arising from the terminal aponeurosis of the 
* knteral muscle,” oe raeeen paella) 
insertion into the bases of the caudal rays, 


the occiput to the first dorsal, and along the interspaces of the 
dorsal fins in the Cod : similar muscles, fig. 131, «, extend from 
the fin in the Perch; and infra-cari- 

extend from the anal to to the caudal along the keel of 
the Gymnotus the supra-carinales form a single pair, 

which extends from the occiput to the ond of the tail. ‘The modi- 


F 
E 
i! 
= 


means of | the little feeble fish all the ad of the rapid 
course eta alo ce the ship to which a ay Lave attached 
i and 


Soaks blst the eoleut acd oc eeartoend beaks 


seamed oxidertved from, the anterior part of the je yen 
drawing back, bending in different directions, and the 
mouth. Of these, the superior, ¢, is inserted into the cartilage, 
fig. 24, 20; raises and fixes it, giving a fulcram and favourable 
direction for the muscle, fig. 138, 5, which directly retracts and 
raises the sucker, a: the inferior slip, f, is inserted into the 

cess, fig. 24, g, and into the lower border of the gristly base 

sucker, ib, 22: it retracts and depresses the sucker. apart 
diate lateral slip, inserted a little higher upon the margin of 9, fig. 
24, retrnets ierepinicaaad the eeoker.. All these retructons, 


aqee. ack the object scized by the sucker, or 
draw the body of the fish towards it, according to the fixed point. 


ve 


= 
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Shorter muscles arise, wbove, from the cranial cartilage, fig. 24, ¢, 
and below, from the hyoid cartilage, to act upon parts of the sucker; 
the latter, y, i, diverge to their insertions. Part of the deep- 
seated longitudinal expansor oriz, more directly antagonising the 
circular sphincter oris, a, is seen atm, fig. 136. 

Details of the myology of the Myxinoids with a comparison of 
the muscular system of Fishes with that of higher Vertebrates, will 
be found in xx1. pp. 179-249. 

In the Trunk-fish ( Ostracion) flexion of the trunk is abrogated 

the case of ganoid armour, fig. 16, 
dn, dh, inclosing the body, and which 


138 
je leaves only the jaws and fins free. 
" ‘The myocommas are accordingly re- 
duced to a thin layer of ritudinal 
‘er * fibres, modified posteriorly for inser- 
iy 4 tion into the moveable part of the 
tail and its fin. 
In another plectognath, the odd- 
( shaped Sun-fish (Orthagoriscus) the 


ruscles of the continuous vertical fins 
Seucdinet beatae waders tanieer, take the place of the ordinary myoeem- 
mas: those of the lofty dorsal com= 
mencing behind the occiput; those of the deep anal behind the 
short nbdomen: the dermoneurales arise from the integument, 
+ fibrous septum of the lateral line ; the deeper-teatel 
m the neural and interncural spines, Each ence 
dled together, conformably with the pe pale 
terneurals, upon the expanded ends hich 
© dorsal fin move as one body, the anal fin having 
Nevertheless, towarde their insertion, the 
like them, distinct; each one 
in front, and their long tendons 
ves or sheaths to their insertions 
e muscles are reduced to two fee 
the clavicle, the other from the 


t specialised. ‘The more acute angles 
by the intermyocommal septa have already been noticed, fig. 18% 
A fasciculus continued from the upper portion is inserted, by# 
strong aponeurosis into ‘the upper part of the cranium, ib: «6 


* xuvi, and exert 
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‘The musclos of the jawe are very powerful, as might be expected 
pbc yrcpres predatory fishes. One, analogous to the *tem- 
poral,’ fg. 182, m, arises from the Interal and posterior ridge of 
the cranium, and its fibres converge as they pass obliquely down- 
ward and forward to their insertion into the mandible. They are 
covered in great part by the stronger muscle ib. /, analogous to 
the ‘ masacter,’ which arises from the under part of the postfrontal 
ridge, passes over the maxillo-mandibular joint, as over a pulley, 
and expands to its insertion in the lower tide and ridge of the 
hinder two-thirds of the mandible. Smaller muscles, * maxillo- 
mandibulares, ib. g, pass from the upper to the lower jaw, and 
directly close the mouth. The openers are chiefly the mus- 
cles, p, which have their chief fulcrum in the coracoids, 
and expand to be inserted into the symphysis mandibule. 
The gillapertures are contracted by the muscles, g, g, and di- 
lated by others passing cepeeety im above to their front boun- 
daries The muscular in 
mentof the Trunctial chasse 
of the Torpedo fig. 139,7, ro~ 
ceives a fasciculus from the 


to be successively inserted into each vertebra 
far asthe end of the tail. The newro-lateral mass or muscle, 
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Sahn tas ogee part oC ha tecioasl easier ae 
obliquely outward, and then curves inward to its insertion into the 
lower part of the base of the rostrum, The muscles of the jaws 
in the Rays include, with maxillo-mandibuleres, those answering 
to Zand nm in the Shark, fig. 192. The depressor mandibuti is 
large oblong mass of parallel longitudinal fibres, arising from the 
lower (coracoid) part of the eeapular cineture, and forward 
to be inserted into the mid part of the mandible, Two small mus 
cles, one on cach side, contribute to depress the mandible: they 
ax tach io Sony noes Ha aienleenre ofa e 
inward, almost cross each other beneath te pe ee 
third muscle has its fibres remarkably interlaced, but vali 
three chief fascicles, two of which are anterior and one 

{hii 38 darived fom shi end GO Aho ppl jaw anole iia eae 
margin of the second mass. The first: portion is situated in front 
and above the maxilla, near its commissure, and runs obliquely te 
join the outer edge of the second fascicles oo te ee 
closing the mouth. The _ protractor oris forms a pair of tor 


hick fleshy layers, 
below, and dividing into as many 


the muscles of the ventral fins, ihn 
the eye-ball, the air-bladder, and of 
rgans, Will be described with the parts they 


imyonine) of fishes ix usually colourlos, 

ich; white when boiled: the muscles of 
geon and Shark are, however, deeper 
thers ; and most of the muscles of the Tunny 








minal and caudal regions, it is more like a 
series of intercostals, The broad, thin, car- 
neotendinous sheets, called ‘external’ and 
‘internal oblique’ muscles in Mammals, hay- 
ing their fibres ranning in opposite directions, 
inay, indeed, be referred to the same system 
of segmental trunk-museles ; but this 
of differentiation is not reached in 
and fish-like Butrachians, The modial parts 
of the hemal myocommas are more distinct, 
and show more of the character of a longi- 
tudinal muscle with tendinous intersections, 
like the ‘linew transverse’ of the human 
“reetus abdominis;' and this muscle is one 
of the determin: 
nigable tract of 
and newt. In the Salamander, 
the tract, fig. 141, ¢, is as superficial as that 
part of the sheath of the ‘rectus abdominis’ 
in Mammals; and it forms a 
part of the sheath of a deeper-scated: 4 
tudinal muscle, fig. 141, 7. Both > and & 
are specializations of the lowest haemal pore 
tions of the myocommas: they are an 

_ resolved, or continued, as in Fishes, 
muscles acting upon the seapular, hyo 
and mandibular arches, ‘The 
7, arises from the pubis and outer 
the gristly hemapophysia, or 


attachment to the pubis through the 

of the y-shaped cartilage, which 

the marsupi: nes and tendinous * pili 
of the abdominal ring’ in Mamunals: 
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other 





whilst ite tendon expands over the fore part of the | i 
that of vs passes over the fore part of the elbow joint; and 
without having any sesamoid lever therein, 

‘The retractors or extensors of the thigh and leg, ib, a3, 
ing to the retractors of the arm and fore-arm, #4, arise 
hinder and outer part of the ilium, and are inserted 
femur, partly into the outer part of the head ee 
mausele, 141,28 (sacro-plantaris), os part of 
Tas in eit extent and disposition, ig 
ward stroke of the foot in swimming: it arises from the sacral 
and is inserted into the plantar fascia. It is a ‘ flexor" of the 


ie i 


SB: 


terms * flexion ' and * extensi 
‘Teg’ in higher einediing Vertebrates and in Man, 

he fore and hind limbs of the Salamander are figured extended 
in corresponding positions, i “e fig, bia as pes ofthe Plesiosauras 
are represented in fig. 45. ‘The ulna is external or posterior in the 
arm, the fibula in the leg. If, in the dead newt, the fore-arm be 
moved upon the arm to and fro, in the direction of the trank’s axis 
it can be bent at an angle with the arm either way ; and the like 
would most probably be the case in the Plesiosaur: there is 
no bony configuration of the elbow-joint to prevent this in either 
sepuiley only the ligaments favour the forward bend mor 
than the hinder one, in the batrachian, In the hind limb the! 
can be be n angle with the thigh, both forward and ty 
ward; but the ligaments of the joint offer more resistance to the 
forward than to the backward bend. As we ascend the vert 
rate scale in the comparison of limbs, a hone of the fore-ant 
sends a process across the back part of the elbow-joint which 
fita into in the - above the joint when the y 


; and the fore-arm cannot be be 


angle forward upon the thigh, 
the knee-} vith iterarticular carti 

‘Thus the forway i 
ward bend in the b. 

Tn quadrupeds the limbs are Inbitually retained with 
and second segments more or less bent in the directions 
by the configuration of the elbow-joint and knec-joint 








combining in action, enlarge the breadth of the foot. 


In the highor reptiles, of the order Crocoditia, chiefly affecting 
the watery clement, and with frame and limbs proportioned 


don: that of the longissimus dorsi is to the sncral ribs. Exxtersal 
to the longissimus dorsi is the trachelomastoideus, oxiginsting 
behind from the diapophyses of the second or third dorsal vertebra, 
passing forward between the di- and sye-<pophyses of the eer 
vieal vertebre, deriving slips therefrom, and inserted it 
mastoil. ‘The complerus risos from the sides of the neural spines 
of the middle cervical vertebre, and ix inserted into the parece 
pital. The splenius capitis arises from the neural ae 
anterior dorsals, and is revily a continuation of the #y 

it is inserted into u i 


the myocommal septa form an angle directed forward, 


second is lateral, and begins by a strong tendon from the ir 
back part of the il lia ed by eeood cone 
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jaw from } toc, upon the tympano-mandibular joints, &. Obsers 
vation of this action engendered the notion that the upper jaw 
was moveable, and that this was a peculiarity of the Crocodile; 
butit moves only a part of the entire crmium. 

As the muscles of the limbs reach their maximum of number 
and variety in the Chelonia and saltatory Hatrachia, they will’ bo 
specified in those groups ; and the myology of the trank will be 
resumed, as it ix seen in the Ophidia, 

In these reptiles, as might be expected from the functions of 
the spinal column, specialisation of the muscles of the vertebre 
and ribs reaches its maximum. The coalescence of the upper or 
neuromesial and neurolateral parts of the myocommas into longi- 
tudinal tracts ix more complete and distinct than in the fish-like 


of the neural spines. | 
have here the characters 


of semispinalis and spinalit 
dorsi, The column extenal 
to the preceding answers 
the longissimus dorsi; 
arises by a series of fleshy 
origins from the transyers 


oo 
ts eo ortatee as a e from the corti, v 
etes OF Kho verti wid riba fyth of thovitas reg es 
pass forward and outward partly to the fuscia covering Bt 





and pass forward ta. be 
inserted at the end of the bony part of the fourth rib in advance. 


‘The intercostals, fig. 143, Fy SE eee 
deoussating arrangement in two planes, sqnurmo-costales, 
Bix! 143, 14, 1,22 crno frtua a’ tlbenbeuitha: eeaclaeinties 


“Muscles of the ribs and eeutes, Python, exo. 
minate 


bs, with alternate erection and depression 
ral scutes, 





He pil 
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process of the mandible. From fuscia attached to the neural 
spines of some of the anterior vertebra there extends a flattened 
muscle, neuro-mendibularis, fig. 145, t, which unites with a smaller 
strip from fascia connected with the ribs of those vertebra, 
costo-mendibularis, figs. 145, 147, x, to be inserted into the lower 
border of the mandible. These muscles depress and retract the 
lower jaw. . ibe funn 
A. powerful muscle, ectopterygoideus, fig, 146, h, w 
mandibular relations resembles the external pterygoid, advances 


“pouch 1 lodging the venom-fangs, preserving: 
8 strength rs insertion into the lower part of th 
It cooperates with the ersetit 
the moveable maxilla during the blow, a! 
relaxation of the erector. 
part is the fixed | point, the eotopterygoidens spreading its mm 





throagh their loose elastic symphysial connection, yield laterally to 
the pressure of the prey when seized, arc brought together, after 
it is swallowed, by an in- 

termandibularis, 
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the modification of the hones peculiar to venomous serpents, as 
shown at 3 and 2, fig. 146, the muscle rotates the short maxillary 
vertically through the ectopterygoid, eo as to bring the venom- 
ree Risirecnetaio aa position ready for the 
blow. 

The presphenopalatine muscle arises from the side of the fore 
part of the presphenoid and passes outward to its insertion along 
the inner surface of the palatine. From the side of the pre 
sphenoid rises the amall prespheno-vomerine muscle, fig. 146, 0, 
which sends forward a slender tendon to the half of the divided 
vomer, and through that bone depresses and retracts the pre 
maxillary, ib. 1, after the displacement of all the bones of the 
mouth caused by the engulphing of the prey. 

‘The hyoid arch is reduced to a pair of slender cartilaginous 
ceratohyals, ing forward, almost parallel, fig. 147, B, beneath 
the sheath of the entary tongue, before their anterior mem- 
branons union. The raphé of the muscles o and w, fig. 147, ix #0 
far attached to the hyoid and lingual sheath, that by their con- 
traction they raise the tongue after it has been pushed down: the 
fibres tf fia ostaandibnlacis, w, attached ta tha ftoremoes pect 
the mandible, through the same medial attachment protract the 
lingual sheath; the posterior part of the costomandibularis ean 

lingual cheat and these actions re anslogoas 


fig. 147, Bo is to the raphé of the intermandibularis, ©; their 
antero-lateral attachment, 2”, is to the fore end of the mandibular 
ramns. The muscle formed by their union, z, extends backward 
along the lingual sheath to its extremity: it is the chief pro- 
truder of the tongue, The retractors, answering to 
ib, 4, arise from the hinder ends of the ceratohyals, run 
‘sheath, and eeem to coalesce in 
main substance of the cylindrical tongue; but they ae separate 
forked extremity. The fore part of the tracker 
sit the Tages sheath, and advances so fat 


the medium of the ears and ita muscles, 








and rib of the seventh to the third dorsal vertebra inclusive, 
occupying the interspaces between those parts; it is inserted 
into the neural arch of the last cervical, and into the post- 
pophysis of the next vertebra in advance. 
Cotte caton af seoastee called lodges colle Ta teehan com- 
mences by the broad origin from the under part of the first and 
second costal plates, and ia continued by eight narrower slips 
from the hypapophyses of the first doreal, and seven antecedent 
cervical vertebra, These fascienli ineline forward and inward, 


from the sixth to the cen- 
trum of the atlas, or ode 
toid. The intertrensversarit 
obtiqui, figs. 148, 149, 3% 
are four strips from the 
¥ diapophyses of the sixth, 
| vertebra, which pass forward and dows 
yphyses of the fourth, third, second, and first 
‘There are interspinales between the 
first three corvicals. 
alis cervicis, fig. 151, 33, arises from the pose 
zygupophysis of the fifth, fourth, and third cervicals's thene lie! 
outwardly, and detach inwardly insertions to the postzygap 
physes of the fourth, third, and second ceryicals, and into th 
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canara is of the atlas: tho tendon eo inserted is shown at s9, 
ig- 148. 

‘The complezns, fig. 148, 23, arises from the diapophyses of the 
first three cervicals, and is inserted into the paroccipital; in 
fig. 150, the hindmost origin of this muscle is marked 95. 

‘The rectus capitis anticus longus, fig. 148, 29, arises from the 
hypapophyses of the third and second cervicals, and is inserted 
into the side of the busioccipital. The rectus capitis anticus 
brevis, fig. 152, 30, arises from the atlantal hypapophysis, and_is 
inserted into the basioccipital. The rectus capitis posticus major, 
fig. 148, 31, arises from the neural spines of the axis and atlas, 
and is inserted into the paroccipital. The rectus capitis posticus 
mixor, ib, st, arises from the neural arch and diapophysis of 
the atlas, and is inserted into the base of the exocoipital. 

‘The Jangest and most remarkable portions of muscular segments 
of the trunk are those which are combined to effect the retraction 
beneath the carapace of the head and neck. The retrahens 


(te View of temmbiextactes and deeper seated Hintrimoscier, Limyr Barypow. axavtit 


capitis colligue, figs. 149, 150, 27, arises by eix fleshy fasciculi 
from the neural arches and epines of the eighth to the fifth 
doreals inclusive ; these pas forward, blending together, and then 
detach four tendinous insertions: of these, the anterior and 
longest, as woll as strongest, is into the basioccipital forea ; the 
other three are into the diapophyses of the fourth, fifth, and sixth 
ceryicals. It is not difficult to sever the part of the great re- 
tractor connected with the cervical insertions, as a distinct muscle 
from that inserted into the occiput. The biventer cerwicis, figs. 
1.50, 151, 24, arises from the neural spines of the fifth, fourth, and 
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third cervicals, and is inserted into the eame part of the occipital 
vertebra. 

‘The trachelomastoidens, fig. 150, 26, arises from the 
of the third and second cervicals, and ascends obliquely to be 
inserted into the mastoid, 

‘The scalenus, fig. 150, 94, arises from the inner border of the 
lower three-fourths of the scapula; its fibres emerge as it 
advances, and deliver strips of insertion to the diapophyses of the 
eighth to the second cervical inclusive. 


‘ite iow o must of the tran, end, tu a, Bs arene. SERIE 


The sternomastoideus, fig, 150, 22, arises from the middle of the 

inner surface of the entosternum, and is inserted into the mastoid. 

The Siphregrations figs, 148, 149, 150, 42, 42, arises by three 

sheets from the the fifth and fourth dorsals, and from 

the rib of the seal the two posterior unite te apply them- 

selves and adhere to the mesial surface of the lung; the thint 

outer surface, 42, fig. 150, and 49, fig. 151, and 

wer border upon the peritoneum. 
ersalis abdominis, figs, 150, 151, 41, arises along & 

the inner surface of the fourth, fifth, sixth, ant 

costal plates, extending from the end of the fourth to the 

beginning of the seventh; also by a separate fasciculias from the 

eighth rib ; and by three ‘slender tendons from near the cardinal 

border of the byposternal; it is inserted by | broad tendinous 

sheet into the mesial border of the same plastral element, which 

is tho homologue of the abdominal hemapophyees and spiee 
receiving the same insertion. 

The obliquus externus, fig. 151, 40, arises from the inner side 

of the extremities of the last four costal plates, and adherest 





inserted along a sigmoid line extending from 

pemlagalies of the hyposternal to the middle of the 

xiphisternal and by a special fasciculus and tendon into the lateral 
process of the pubis. 

‘The Jafissins colli, figs. 151, 152, 21, consists of two parts ; 

both are attached, above, to aponeuroses connecting them with 

i the fibres of the posterior division, 

21a, pass down and rather backward, over the muscles of 

she tase Oi ieOIa a “ara ts tha Stina of es 


(te view of empertical machen UL, el att Ln, Kags Kenge, XxETTit, 


epi- and cnto-sternals: the fibres of the longer anterior portion 
sweep transversely across the lateral and lower parts of the neck, 
fig. 152, 21. 
‘The extensor caude, fig. 151, 47, includes the neural portic as of 
‘this from ii 


ndible, The « 
oris, or digastricus, figs. 150, 153, a, arises from the mastoid, and 
is inserted into the angular process of the mandible, The dilatator 
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tuber, figs, 148, 149, 4, eens a ee 
into the postero-inferior angle of the tympanic and into the begin- 
ning of the eustachian tube, 

The following are muscles of the hyoidean arch and appen- 
dages, The mylohyoidens, fig, 153, 13, extends transversely between 
the mandibular rami, and is attached to the hyoid by its median 


‘Mosctew and vincera (n ht fron Lclow, Aran Borers NXVL. 


raphé The omohyoidens, figs. 150, 152, 14, arises from the 
coracoid, and is inserted into the basi-, cerato-, and 

‘The geniohyoidens, figs. 150, 152, 15, 16, arises from the back part 
of the symphysis mandibule; is united to its fellow as far back 
as the basihyal, and there diverges to its insertion into the cer 
tohyal. The hyomaxillaris, fig. 160, 16, arises from the articular 
element and is inserted into the ceratohyal, The genioglosa, 





which it covers on the left side of fig. 152. 
‘The proper muscles of the scapular arch are very few, by 


“us 


‘Mencken ad hth, om We, Pipe Kirpan re, 


reason Of its fixity, although it gives origin to many which act 
apm other more moveable parts, 7 - 

‘The subclavixe, fig, 148, 2, arises from the under part of the 
first costal plate, and is inserted into the suprascapula and con- 
tiguous part of the scapula. The serratus magnus, fig. 152, 74, 
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costal plate, and is inserted into the neck of the humerus. The 

deltoides, fig. 153, 60, arises by three heads; one, ib. 60a, from the 

inner surface of the ento- and epi-sternala; another, ib. 605, from 
i of the the third from 


the porsnge Seina ogee Rattan < ata 153, 
2, arixes from the under surface of the coracoid, and 
into the inner tuberosity of the humerus, The pees 
figs. 151, 152, 4, arises from the upper surface of the corscoid, 
and is inserted into the outer tuberosity of the humerus. The 
teres minor, fig. 152, 65, ariaca from the posterior border of the 
coracoid and is inserted into the pit between the humeral tuberosi- 
ties, with an attachment to the capsule of the shoulder-joint. 
‘The ¢riceps brachii, figs. 152, 153, 65. ¢, arises from above the 
gue ae of the scapula, 65a, and from the prey Ober 
153, 6, 


aie of the humerus and is inserted i 
fifth digit an the tendon of the ulnaris internus. 


ieprhiman sce 

from the outer condyle of the humerus: its insertion, shown in 
fig. 154, 71, is into the radial side of the carpus, with that of the 
pronator quadratus, ib. 72. The ulnaris internus, fige. 161, 153, 
78, arises from the tubercle above the outer angle of the humerus 
and is inserted into the ulnar side of the carpus 

end of the fifth metacarpal. The ulnaris exteraus, fige. 161, 152 
74, arises from the tubercle above the inner a 





root of fore foot, 
Reps omepa. Sev, 


pi weet 


ie Gl : 
Ee 


‘The following are the muscles of the pelvic 
‘Tho attrahens pelvim, figs. 150, 153, 43, arises from contiguous 


arch and limb :— 





internus, Byj.), figs. 150, 152, 158 91, arises from the upper surface 
: of the pubis, and is inserted into the inner tro 


from the ninth dorsal centrum, and the tenth 

may represent the psoas. A giana tonne 160, 151, 93, ariges from 
the ninth and tenth pleurapophy from the ilium. A second 
gluteus, figs. 160, 151, 162, 94, arises ori the sacral and anterior 
caudal pleurapophyses, Both aro insorted into the outer trochanter, 
together with a fasciculus, re 


inner surface of the obturator fascia, and from the ischial symphysis 
adductor, figs. 162, 168, 92, arises from the inferior sur- 


fix. 150, 100, vastus infernus, Ps 151, 101, crurew, 
and sartorius, fig. 153, 106, into the 
v itendinosus, 


forum, fig. 161, 108, arises ft 
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internaseus crauris, fic. 153. 130, extemds obliquely between the 
opposite margins of the leg-bones. The interussei digitorem 





Mawes sf nino, Kage Reropes. Ore 


dorsalrs, are shown at 122. and thoee of the plantar surface at 123, 

- 15. 
gris highest taeulty of terrestrial locomotion in the reptilian 
clase. is manifested by the saltatory batrachians. 

In the hind limb of the frog there is a muscle which extends 
from the diapophysis of the third vertebra to the ilium, which it 
tenis to protract, and acting from which it may slightly bend the 
bark. The ectogluteus receives an accessory strip from the 
cocesyeal style. The mesuginteus is a strong muscle. The eafo- 
gluteus and iliacus are united. The obturator externus has a semi- 
circular furm. The guadrutus femoris is in two strata. There 
are two pectinei and tour adductores femoris, The extensor cruris 
con: f a castus interaus and a vastus externus with a coalesced 
crureus: there is no rectus femoris. The flexor cruris has but 
one head or origin from the lower and back part of the ilium. 
The semitendinosus has two heads, one from the fore part, the 
other from the hack part of the ischio-pubic symphysis, The 
semimembranosus and gracilis have the usual attachments, The 
sartorius resembles the rectus in its position and course in front of 
the thigh: it is united to the tensor fascie late. The gastro- 

4 represented by its external moiety, which is so large as 
to give the appearance of a‘ calf’ to the leg: its tendon glides 
hehind the tibio-tarsal joint, and expands as it descends along 
the taraal segment into a plantar fascia. The tibialis anticus 
arixen by a strong tendon from the femur, and divides at the 
middle of the tibia into a fascicle inserted into the astragalus, and 
‘a wecond inserted into the calcaneum; in both at the proximal 
end. A cruro-tibialis rises from the lower end of the femur, and 
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Jogies, under all the varions modifications by which they are 
adapted to the several modes and spheres and grades of existence 
of the different species —should be the aim of anatomical 
science ; as being that which reduces its to the most natural 
order, and their exposition to the simplest expressions 

It is imposeible, in pursuing the requisite comparison upward 
through tho higher organised classes, not to recognise resemblances 
Between the ultimate states and forms of ichthyio organs, and the 
transitory condition of the came parts, in the higher species 
But theze resemblances have been sometimes overstated, oF pre 
sented under unqualified metaphorical expressions, calculated to 
mislead the student and to obstruct the attainment of 
conceptions of their nature. We should loee moat valuable 
‘of unatomi Tatty woe wo to les oppo 
to the elucidation of the unity of the vertebrate type of 
sation, or if we were to rest satisfied with the detection of the 
analogies between the embryos of higher and the adults of lower 
species in the scale of being. We the itl pei 
different direction, to gain a view of the 


on the sete: operation of derivative secondary causes, 
blinding the mental vision to the minifsations oF Data ha 
the forms of the Animal Creation offer to our conten 


, then, to the skeleton of Fishes, with a view to the 


onl 


iy inorganic partic! 
the movements, and eallra 
And T know not why a flexible vascular animal substance 
be supposed to be raised in the histological scale because 
become impregnated, and as it were petrified, by the 
intus-suseeption of earthy saltsin its areolar tissue. Tt ig 


intelligible that this accelerated to the 
may be requisite for some eines 
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precipitated by infusion of galls, nor yields any gelatine upon 


payee rege sarepaeriier mes 


‘of cach animal's ekeleton, who could affirm that in the hig 
Vertebrata * the internal articulated skeleton takes alll the « 
matter for its consolidation, ' forgetting that the bulky 

and its diminutive congeners the Armadillos, have their 


* xavin p. 687, 
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cereases. ated wom peeproderaies: in a the coder fresiliferom 
Iv reqeesent the claw <¢ Fishes The pre 






a, between the bases <f the peur and hem- 
have been little distarted as in fig. 127, show 
Plainly enouch tha: the Primitive zelatinas notochord has been 
persistent! In not one of the extinct Fishes of the Devonian 
and Silurian systems has a vertebral centram beea discovered; 
but the enamelled dermal osseous scales and plates are richly 
developed, and mest remarkable for their beautifal and varied 
external sculpturinz, and «{ten for their great size. 

In the mesozic strata ganoid species exhibit a progressive 
expanse and downward growth of the neurapophsses, converting 
the notechordal capsule into distinct bony segments; the 
cups of bone are subsequently added, and the centrum is completed. 

At the present day the Lepidosiren repeats the notochordal con- 
dition of the endoskeleton, but without the compensating ganoid or 
placid developements of the skin; and the Sheat-fishes ( Siluride) 
combine the large tuberculated osscous dermal plates with a well 
ied internal skeleton. The existing sturgeons alone manifest 
contrasted conditions of the endo- and exo-skeletons, like those in 
the ancient placoganoids; but what is now a rare and exceptional 
instance of analuzy to the testaceous and crustaceous Inverte- 
brates was the rule in the first-born fishes of our globe. 
Those fishes, which from the determination of the oseifying 
energies to the endoskeleton have been termed Teleostei, constr 
tute the bulk of the tertiary and existing species of this class 
But gradations of endoskeletal ossification are still indicated 
A great proportion of the primitive cartilage is retained in the 
rkull of many of the Teleostei, the Salmon and Pike, for example; 
und the greater proportion of the animal to the earthy matter ia 
all the hones, their coarse texture, the radiating fibres of the fat 
cranial bones, and the general absence of dentated sutures, st 
characters in all Osseous Fishes, which remind the Anthropotomist 
of transitional ones in the human fetus; but the light of teleo 

















' See also the beautiful illustration of this fact in the Microdus radiates, No. 6% 
of the Hunterian Series of Fossil Fishes in tho Museum of the London College 
Surgeons; excnt, p. 155. 
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logy demonstrates the perfection of such conditions. in relatina a 
the atmosphere and movements of the Fish It is generally n 
fresh-water abdominal Fishes that the semi-ceenus enmiition of 
the akull is found, and the diminution of the quantity «t heavy 
earthy particles may be connected with the lev dense quality at 
their medium, as compared with sea-water, and with the amally 
more posterior position of the ventral fins. 

In the form of a fish, the head is disproporticnately large. ae it 
is in the mammalian embryo. But the head of a tish must ares be 
large to meet and overcome the resistance of the tiaid. in che 
mode most favourable for rapid progression: it mast therethee 
grow with the growth of the fish, Hence the larze cranial Sones 
always chow the radiating osseous spiculz in their lear cirenm- 
ference, which is the active seat of growth ; henee the number ot! 
overlapping squamous sutures, which least oppime the perzrewine 
extension of the bones. The cranial cavity expands with -he 
expansion of the head: the absorbents remove frrm wishin a she 
arteries build up from without; but the brain anderzres an err- 
responding increase; it lies at the bottem of its cagarions chamber, 
which is principally occupied by a lowe cellnlar tissue. simarerd, 
like the arachnoid, between the pia mater and the -fura mater- 1nd 
having its cells filled with an oily fluid, or s-metimes. ae im the 
Stargeon, by a compact fat.' Now, this conditinn of the en- 
velopes of the brain is not only, like the fibrons tiene and 
squamous sutures of the ever-growing cranial tenes, relareri 
the requisite proportions of the fore-part of the fish foe Sav 
ting its progressive motion, but it is one which on embh; 
higher animal ever presents: it is az peculiarly piscine. ae 
expressly adapted to the exigencies of the fish. 

It has been held that confluence of distinct hones is a crins 
of high circulating and respiratory enerzies; yet the an 
of the superoceipital, parietal. and frontal ahove the erar 
of the basi-occipital, basi-sphenoid, and peespheoril 
cranium, in Lepidosirer, and the constant oni 
and pre-zphenoids in all bony fishes, disprove she eons 
supposed relationship, and lead na to look for other exsiaaatione 
of such coalescence of primitively or exsentiaily 4 
We shall find a final cause for the rapid eonaolidazi a 
of the elongated bodies of the two middle cranial vertetnre of 
Fishes in the necessity for etrength in the basis of that part of 
the ekull, from the sides of which the large and heavy roanditular 
and hyoid arches and their appendages are ty be su-pended, and 


* xan ti p. 309, 
























—— 


a 
250 ANATOMY OF VERTEBRATES. 


to swing freely to and fro. The posterior and anterior sphenoids 
js beleespabendn distinet bones in all Mammals during a period of Tife at 
an a ant ous 


movements of protraction and retraction, a well ax of opening 
and shutting, ‘The firm connections of the upper jaw, and wedged 
fixity of the bone suspending the under jaw, which characterise 
the higher Reptiles and Mammals, would be imperfections in the 
Fish; in which, therefore, such araatecy are oS 
but special developement in the opposite direction not unfie- 
quently goes so far as to produce the most admirable mechanical 
adjustments of the m: apparatus, compensating for the 
absence of hands and arms, like those which have been 
in the instance af the Epibulus insidiator,! We must ‘our> 
selves, however, from inferring absolute superiority of structure 
from apparent complexity, The lower jaw of fishes might at first 
view sccm more complex than that of man, beet r sists of 
ry er number of each ramus being of two or 
rita and segs! separate bones. But, by parity of 
reasoning, the dental system of that jaw might be regarded as 
more complex, because it supports often three times, or ten times, 
perhaps fifty times, the number of teeth which are found in the 
human jaw. We here perceive, however, only an illustration of 
the law of vegetative repetition a the character of inferior argan- 
isms; and we may view in the samo light the multiplication of 
pieces of which the supporting pedicle of the jaw is composed ia 
Fishes But the great izo and the double glenoid or trochlear 
articulation of that pedicle, are developements beyond, und ia 
advance of the condition of the bones supporting the lower jar 
in Mammals, and relate both to the increase of the capacity of the 
mouth in Fishes for the lodgment of the great hyoid and branchial 
apparntas, and to the support of the opereula or doors which opti 
and close the branchial chambers. ‘The division of the long 
‘op 119, fig. 87. 



























periods manifest 

state from the hetero- to the true homo-cercal form, 
being a permanent character of the extinct species 
The embryos and young of Selmonide, of most Mal 


of its upper and lower lobes, indicate the fact in the «ym 
al * homocercoid ’ tail-fin of the adults." In the Am 
fig. $4, and Scomberoids, fig. 33, the terminal tail-vertebra: 
and coalesce in the line of the trunk’s axis; the derm 
dermohwmal rays are equally developed, and a truly 


the symmetrical tail-fin, the heterocercal stages 
rally arrested in different older extinct species, 
relation with the power and kind of swimming req) 
The heterocercal tail helps the fish to vary its on 
The Shark wheels about in pursuit of prey, and rotates tly 
to bring the inferiorly-opening mouth to bear upow th 
The Sturgeon maintains its body in the oblique p 
upturning the muddy bottom of the strongly-ranning 
avoids, by deftly bending to right or left, the drift bo 
hurried down the river. The homgcercal tail is am 
form for a straight forward rush, When it is tru 
angular, the apex being the centre of motion, the | 
is three-fourths the distance of its base from the axi 
and the muscles of the tail act at a corresponding 
When the tail is forked, as in fig. 33, the area ix in the 


* Bee the persistent “ trace of the embryonal hetorocorcal form of the tail” 
Seasperch (Centropristix gigas, Owen), No. 191, p. 51, xtav. #& 
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ratio of the distance from the centre of gravity, and the centre of 
force is one-half the distance from the centre of motion; conse- 
quently the fishes so endowed have the greatest velocity. It is 
such in the Sword-fish as to enable it to drive its rostral weapon 
through a ship’s timbers with the force of a cannon ball — for 
example, through fourteen inches of oak, after penetrating the 
copper sheathing, four inches of deal, and a layer of felt." 

As most fishes require to sustain themselves above the bed or 
bottom of their rivers, lakes, or seas, and as their specific gravity 
is greater than that of water, they are commonly provided with 
an air-bladder, situated immediately under the spine, and above 
the centre of gravity, and usually accompanied with powers of 
renewing, expelling, compressing, and dilating its gaseous contents. 
This hydrostatic apparatus thus becomes an important anxiliary 

of locomotion. 

The Diodons and Tetrodons fill an immense expansion of the 
esophagus by swallowing air; and as this lies below the centre of 
gravity, the body, so inflated, rolls over, and they are drifted, 
passively, back downward, by the winds and currents. 

The air-bladder is absent in Dermopteri, Plagiostomi, Pleure- 
nectide ; and such fishes, unless endowed with compensating 
powers and proportions of body and fins, as in the Sharks, 
habitually grovel at the bottom, and exhibit flattened forms of 
body, as in the Rays and Flounders. 

With the exception of the above-described mmxlifications of a 
few terminal vertebre, those of the trank remain throughout life 
distinct from one another in Fishes, as they originally are in the 
embryos of all higher Vertebrates. The confluence of vertebra. 
at the base of the tail would have been a hindrance to the 
required movements of such part of the spine in creatures which 
progress by alternate vigorous inflections of a muscular tail. A 
sacrum is a consolidation of a greater or lesa proportion of the 
vertebral axis for the transference of more or lesa of the weizht 
of the body upon limbs organised for its support on dry land; 
such a modification would have been useless to the fish, and mt 
only useless, but a defect. 

The pectoral fins—those curtailed prototypes of the foretimba 
of other Vertebrata, with the last segment, or han, alone yan- 
jecting freely from the trunk, and swathed in a common undisidel 
tegumentary sheath —present a condition analogems ws that of 
the embryo buds of the homologous members in the higher Ver- 

* See the specimen in the Museum of the Royal College of Sorserna, Limlem, 
described im cxcv. p. 5. 
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tebrata. Bat what would have boen the effsct if both arm and 
dangled aa W long fesiblo manydointedl lage in the water! 
Geman of he Solace of doy Moot whan to the p 
hensile ats Seana i eae ee 

in the structure of the creature which is to cleaye the 
liquid clement: in it, therefore, the fore limb is reduced to the 
smallest proportions consistent with its required functions: the 
bmchial and antibrachial segments are abrogated, or hidden im the 
trunk: the hand alone projects and can be applied, when the fick 
darts forward, prone and flat, by flexion of the wrist, to the se 
of the trank; or it may be extended at right angles, with its flat 
surfaces turned forward and backward, 00 as to check and arrest 
more or less suddenly, according to its of extension, the 
progress of the fish; its breadth may be diminished or 
increased by approximating or divaricating the rays. In the act 
of flexion, the fin slightly rotates and gives an oblique stroke 
to the water. Tf one of the pectorals be extended, it will tam 
the fish in a curve towards that side: if the other only, it 
will turn it on the opposite side: they thus act as a rudder, Fer 
these functions, however, the hand requires as mouch extra 
developement in breadth, as reduction in length and thickness; 


and this is gained by the addition of ten, twenty, or it may be 
ven d digital rays, beyond the number to which the 


t ral fina, in adjustment to the 

of the species in Fishes, as we do of the fore Venbs fn Oa 
higher cl his fin may wield a formidable and 
weapon of off in many Siluroid fishes, But the 
hands have a more constant secondary office, that of touch, and 
are applied to ascertain the nature of 
particularly the character of the bottom of the water in which the 
fish may live. The tactile action of the pectoral fins may be 
witnessed istics est alley tiaaativa Scaa 

compress their air-bladder, and allow themselves to sink 
bottom, which they sweep as it were, by rapid and 
tions of the pectoral fins, apparently that no 
stone or stick projects upwards, which might fajure 
rapid movements round their prison, If the 
Deribiea a spectal clio of exploration, corse al ten ean 
from the web, and are specially endowed with nervous power fie 
© finer sense of touch, as we sec in the Gurnards, fig. 82; in 








alway: ting ii ‘nearly 
gmvity ax itself, with ed Babe They could be of no use: 
nay, to creatures ee ar secteur ees escape their 
enemy, vigorous alternate st 
ath ethath 


‘ind part of 


of each ventral fin Deing horizontal, at 
icrrite eran fin, their action serves to ansaae 
to incline it on either side when one fin only nets, and to Siavabe 
or depress the fish by their joint effort, 
we most fishes the vectsal Seaweesly oe ea Leite 
in raisin; the bodys in preventing, as outriggers, | 
4 modifications in relation to 


by Iateral undulating movements, in the locomotion of the fish 
Tn ordinary shapod Osseous Fishes, if the dorsal and anal Gns be 
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extension be vigorous and 
and an equivalent fulerum be afforded by the tail, the whole hody 
may be carried forward, a4 by a leap, farther than its own length 
For the Feracacd motion, however, the mechanism es a spin 
spring is commonly simulated ; tho whole bear bent into 
series of close-set coils, the raion extension of which, reacting 
upon the point of arti agninst which the tail preases, 
dipees obliquely forward into the air. In 


ward —it oun tace place oily ficaeeatel 
actly do the ten pairs of joints between tok 
¢ three hundred vertebra fit together, thit 
dead state the body eannot be twisted. 
tion be made at the end of the tail on & 
© part grasped may be half-twistel; 

turn over, rigid, like @ stick, 
vantage from their lungs in water 
-bladder, the air-receptaclea in both being 
above the centre of gravity, They pr 
b ica of successive lateral undulations, gene 
rating a surplus force in the moving body equal to the difference 
between the force af the locomotive organs and the reaistane? 
of the medium. In water-snukes this resistance is made mete 
effective by the lateral flattening or compression of the tail, which 
can be drawn forward edgewiso, and flapped back breadthwisr. 
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Serpents climb trees by the same mechanism and actions as in 
the first kind of locomotion; the edges of the erected scutes 
laying hold of the bark in succession, as the body glides spirally up 
the bough. The tail has a prehensile faculty, especially exercised 
by the great Constrictors while waiting for their prey. 
They instinctively select a tree at the part of the 
stream easiest of access to the thirsty mammals of 
the forest, and suspend themselves, like a parasitic 
creeper, from an overhanging branch, the head and 
fore-part of the body being floated by the bladder- 
like lungs upon the stream. 

Serpents are too commonly looked down upon as 
animals degraded from a higher type; but their 
whole organisation, and especially their bony struc- 
ture, demonstrate that their parts are as exquisitely 
adjusted to the form of their whole, and to their 
habits and sphere of life, as is the organisation of 
any animal which we call superior to them. It 
is true that the serpent has no limbs, yet it can 
outclimb the monkey, outswim the fish, outleap the 
jerboa, and, suddenly loosing the close coils of its 
‘crouching spiral, it can spring into the air and seize 
the bird upon the wing: all these creatures have 
been observed to fall its prey. The serpent has 
neither hands nor talons, yet it can outwrestle the 
athlete, and crush the tiger in the embrace of its 
ponderous overlapping folds. Instead of licking up 
its food as it glides along, the serpent uplifts its 
crushed prey, and presents it, grasped in the death- xctoyat sent 
coil as in a hand, to its slimy gaping mouth. ra ey 

It is truly wonderful to see the work of hands, feet, and 


161 


160 








a a 
‘Motion of serpent by arching the trank . cerv. 


fins, performed by a modification of the vertebral column — by 


half of the trunk, which is com; 


by a marginal tegumentary fin, 
feoble: they are limited, in the 


trees. 
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used in modifying the course through the water. The fore limbs 
were shorter, and the hind limbs longer in the extinct Crocodilia 
of marine habits. The stiffness of the neck, produced by the 
overlapping of the expanded cervical ribs, adds to the power of 
the head in overcoming the’resistance of the water; but detracts, 





Flying Isard (Draco eolons), Lins. cctv. 


with the almost inflexible cuirassed trunk, from the capacity to 
capture prey on land, which is seldom overtaken, except by # 
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straight-forward rush: this, for a short extent, is dangerously 
rapid; but the Crocodiles are most formidable and agile in their 
habitual element the water. 

The little Draco volans has = body which rarely exceeds 
110 grains in weight; the delicate teguinentary parachute, sustained 
by the long slender ribs, fig. 163, like the nervures of the insect’s 
wing, measures about five square inches — its area being as great 
in proportion to the weight of the animal as that of the wings in 
many birds. But the muscular apparatus, a, a, subserves only 
the expansion and folding up of the membrane, which would 
seem, therefore, to act, if the animal ever leaps into air or darts 
through that element, merely as a sustaining parachute to break 
the fall. 

The Reptilia in which the fore limb was developed and modified, 
in order to work membranous expansions with sufficient force to 
raise and move the body in air, ceased to exist, apparently, during 
the deposition of the cretaceous beds, prior to the tertiary epoch 
in Geology. We learn from the fossilized remains of Ptero- 
dactyles, that the weight of the body, compared to the area of 
their outspread wings, must have been very small, fig. 111, a; 
that the bones were light, of a thin but compact osseous texture, 
permeated by air. The digit, so enormously developed for 
sustaining the main part of the wing, fig. 111, 5, was restricted, 
like the antibrachium in birds, to movements of abduction and 
adduction, lying along the ulnar side of the fore-arm, and reaching 
beyond the sacrum, when the wing was folded. The proportion 
of the area of the outstretched wings to the body was greater in 
Pterodactyles than in most birds, and equalled that in the bats; 
like which, the Pterodactyles would alter the alar area by alternate 
abduction and adduction of the sustaining digit, combined with 
flexion and extension of the arm and fore-arm. 

‘The large head and strong neck of the Pterodactyle seem to 
have called for that extension and forward direction of the anti- 
brachium, which would cause the centres of gravity and magnitude 
to be more in advance than in either bird or bat. Their pelvic 
limbs were little more developed than in Bats — must have been 
unequal to sustain the body—may have concurred with the short 
unguiculate digits of the fore limb, fig. 111, 1, 2, 3, 4, in a crawling 
progress along the ground —and, being terminated by toes of 
equal length, probably served, as in bats, to suspend the body, 
head downward, during sleep. 
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CHAPTER IV. 
NEEVOUS SYSTEM OF HEWATOCETA 


§ 51. Nervous tisswes.— Nervous substance. like muscular, 
ranks with the most complex of animal tismmes in chemical con- 
stitution. and possesses the greatest atomic weight: but the albu- 
minous form of proteine here prevails. Nervous tissue presents 
two formal characters; one vesicular and grey in colour, the 
other fibrous and white: but the neurine inclosed by neurilemms 
being softer than myonine. and less definite in arrangement after 
death, the nerve-fibre usually appears as a tube with white contents 

Nervous substance has two principal dispositions; one in 
masses, called ‘centres.’ the other in threads, called ‘nerves’ 
The centres in Vertebrate animals constitute, according to their 
relative size or position, the spinal chord (myelon), the brain 
(encephalon), and ganglions. In these the vesicular, grey, of 
dynamic form of tissue is ascociated with the fibrous, white, or 
conductive form. Most nerves consist of the white fibres, and all 
are internuncial in office, establishing a communication between 
the centres and the various parts of the body. 

The centres, and their grey or vesicular constituent more 
especially, appear to originate the nervous force: certain nerves 
conduct it to the tissues, principally muscular, on which it acts 
by producing contraction; other nerves carry the impressions 
received at their distal ends to the centres: the first are termed 
‘motory,’ from the function they excite, and ‘efferent, from the 
direction of conduction: the second are termed ‘sensory’ and 
‘afferent.’ Sensation, or the appreciation of the impression by the 
individual, seems to follow only when the ‘afferent’ nerve conveyt 
its impressions to the brain; when it stops short in the myel, 
or ends in a ganglion, it may excite a corresponding or connected 
‘efferent’ nerve to produce motion, or a ‘reflex’ action, which 
may then take place without sensation or volition. 

‘The myelon, the encephalon, and their nerves, constitute the 
«myelencephalous’ or ‘ cercbro-spinal’ system, to which belong 
the ganglions on the sensory roots of the spinal and trigeminal 
nerves, and those in the glosso-pharyngeal and vagal nerves. 





NERVOUS TISSUES. 267 


A chain of ganglions is situated on each side, near the vertebral 
foramina, through which the cerebro-spinal nerves issue. These 
ganglions radiate many nerves, connecting them one with another 
and with the cerebro-epinal nerves, and ramifying in a plexiform 
way upon the viscera and coats of the blood-vessels: they con- 
stitute the ‘sympathetic’ or ‘ ganglionic’ evstem in Vertebrates. 

In the cerebro-spinal nerves the primitive fibre consists of a 
transparent elastic homogeneous tubular 
membrane (neurilemma), fig. 164, a; its 164 
contents are pulpy, homogeneous in the 
living or recently dead state, and may be 
pressed out of the sheath; when treated 
with water, as in fig. 164, a, or with alco- 
hol, they condense into a white layer, 
giving that colour to the tube: within the 
white substance Remak defines a ‘flattened a 
hand,’ and Purkinje an‘ axis-cylinder’ 
When treated with ether, oil-globules co- 
alesce in the interior, and accumulate around 
the exterior of the tube, fig. 164, 5. 

The delicacy of the neurilemma, and 
mobility of its contents, lead, in many cases, 
to partial dilatations of the tube, of a ‘ vari- 
coze’ character, probably due to post-mortem 
influences: in the living or natural state, the primitive nerve- 
tube or fibre appears to be perfectly cylindrical. 

The following are results of Todd's admeasurements of their 
diameter, in the different vertebrate classes : — 

Fishes (Eel) ;s45 of an inch. 

Reptiles (Frog) pars to srg of an inch. 
Birds 255 to se's5 of an inch. 
‘Mammals -2y5 to gy'zz of an inch,! 

Primitive nerve-fibres do not divide or branch; they are 
associated together, in simple juxtaposition, supported by fine 
layers of areolar tissue, which condense at the periphery into a 
common sheath, to which the term ‘neurilemma’ is commonly, 
but not properly, given : it answers to the sheath which surrounds 
a muscle, similarly binding the constituent fibres of the nerve 
together, and supporting their nutrient capillaries, These are the 
smallest in the body; they run chiefly parallel with the nerve- 
fibres, forming oblong meshes, completed at intervals by cross~ 
veszela. Sometimes the nerve-fibres have a wavy course within 
the general sheath, fig. 165. In s few instances they have been 

1 ccv. p. 593, 








Nerve tutes altered ty reagents, 
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Riess be ow ti eee seer ae ee 
Moo trok ofa rye. crv. Cevi. 
Amongst the nerve-fibres of the symputhetic system arc samé 
of a grey colour, sometimes called ‘soft fibres,’ which are flattencl, 
, more minute than the 


primitive fibres of the cerebro-spinal 
system, and characterised by smll 
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and tapering to both ends, but more gradually to the hinder 
one, the fore-end being less acute. A streak of pigment- 
cells marks the middle of the upper surface: darker cells mark 
the origins of the nerves. These number from fifty to sixty 





pairs, and appear to come off as simple chords, fig. 170. They 
perforate the membranous nearal canal, and accompany the inter- 
muscular septa, dividing into two principal branches — one to the 
neural or dorsal, the other to the hamal or ventral, muscular 





Diagram of Anatomy of the Laneelet, Brewtiotme 


segments. The first pair of nerves, fig. 170, b, which Professor 
Goodsir' thinks might correspond to the ‘ trifacial,’ passes to the 
membranous parts above the mouth: it may be the homologue of 
that, which, when a part of such membrane becomes specialised 
as an olfactory sac, becomes the olfactory nerve, as, e.g., in the 


"xe. 


* Query, can this opake spot be aa acoustic me! 
| xxxtt 


33 
i 


‘This is the most simple persistent condition of 
the central organs of the nervous system knows 


fishea, corresponding in number with the 


segments. Tho. nerves consist of the peimitive 


Nigher fishes combine to form the ‘lateral nerve,’ 
cylindrical fibres. 


ing, into dorsal and ventral branches, as iu hig 
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in the vertebrate subkingdom. In all other Fishes the fore part 
of the neural axis receives the vagal, trigeminal, and special sense 
nerves, and developes and supports ganglionic masses, principally 
disposed in a linear series parallel with the axis: this part is the 
© brain’ (encephalon); the rest of the axis retaining its columnar 
or chord-like character is the ‘myelon,’ and being lodged in the 
canal of the spinal column, it is usually defined as the medulla 
spinalis (spinal marrow, or spinal chord). 

In the Lamprey the myelon is flattened, opaline, ductile, and 
elastic, as in the Lancelet and other Dermopteri: in typical 
Fishes it is inelastic and opaque, cylindrical or sub-depressed; 
of nearly uniform diameter, gradually tapering in the caudal 
region to a point in heterocercal Fishes, but swelling into a small 
terminal ganglion' in most homocercal Fishes. 

The Hunterian preparation of the skate (Raia Batis) shows 
a slight (brachial or pectoral) enlargement of the myelon, where 
the numerous large nerves are sent off to the great pectoral fins: 
a feebler brachial enlargement may be noticed in the Sharks, 
I have not recognised it in Osseous Fishes, not even in those with 
enormous pectorals adapted for flight, e.g. Exocetus and Dac- 
tylopterus: in the latter the small ganglionic risings upon the 
dorsal columns of the cervical region of the myelon receive nerves 
of sensation from the free soft rays of the pectorals, and the 
homologous ganglions are more marked in other Gurnards 
( Trigle), which have from three to five and sometimes six pairs*, 
e.g. in Trigla Adriatica. Similar myelonal cervical ganglions 
are present, also, in Polynemus. In the heterocercal Sturgeon 
there is a feeble expansion of the myelon at the beginning of the 
candal region, whence it is continued, gradually diminishing to a 
point along the neural canal in the upper lobe of the tail. In 
some bony fishes (Trout, Blenny) the caudal ganglion is not quite 
terminal, and is less marked than in the Cod or Bream, in which 
it is of a hard texture, but receives the last pair of spinal nerves, 
The abzence of this ganglion in the Shark shows that it relates 
not to the strength of the tail but to its form, as depending on 
the concentration and coalescence of the terminal vertebra ; 
except, indeed, where such metamorphosis is extreme, as, e. g. in 
Orthagoriscus mola, and where it affects the entire condition of 
the myelon, which has shrunk into a short, conical, and, according 


2 nam. p. 65 L1v. p. 26 (in the Cod). 
* xx. vol. iii. p. 40, prep. No. 1347. 
* uv. ph 9, fig. 4, p. 106; and ut. p. 6, pl. 2, fig. 24, 25. 


terminates in a point 
at shed Hie tee iphberire 3 
myelon is very nearly or quite co-extensive 
the neural canal, and there is no canda equina, ¢€ 
bundle of nerve-roota, in the canal: m temiineus 
thread sometimes ties the terminal ganglion to the 
end of the canal. 


3 
these are separated by a lateral 
may be distinguished i m 


raricating 
myelon have grey matter in 
erse strin. 


As yelon approaches the encephalon, it expands; anid 
following changes may be here observed in the Cod and Shark:— 


1 xxuhy bp 9995 xm Tile pe ITE. 
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pet fig. 184,0; but sometimes covering only a small portion, as 


in the ib, fig. 177, ¢, the Lumpefish, and the Lepidosteus, fig. 
174, ¢. The relative size of the cerebellum, accordingly, varies 


im 5 478 
a 
is be t 
le 
rainy 
Lepicaeone 


Bain; Amlpopeie ny Rat om 
“my Tesi; Het. com. 


greatly in different bony fishes; it is very small in the lazy Lump- 
fish, and extremoly large in the active and warm-blooded Tunny, 
where, also, its surface shows transverse groovings. 
‘The cerebellum is unsymmetrically placed in the 
Pike and some Blat-fish (Plewronectide), and is 


ventricle, fig. 178, c: it is solid in the 

Tench, the Garpike, and the common Kel: some 

matter is usually found in its interior, with 
Keble indications of white atrin; but there is 0 prety ant portion ot 
“arbor vite,’ except in the Tunny and Sharks. ee 

‘The posterior ‘crura cerebelli’ are formed by 
the posterior pyramids, fig. 172, d, with part of the restiform 
+ Yertical fibres from the sides of the cerebellum 
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eis oblongata: they set co 
‘to the ‘ crura ii ad pontem’ of Mammalia; but, a2 
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Faia are nis cian asiea ait Rete oe ane 
are rudimentary, and the ‘pons’ is absent. In the Shark they 
connect the sides of the base of the cerebellum with the * restiform 
commissure,’ figs. 172 & 187, In moat Fishes two fixeciculi of 
medullary fibres proceed, as ‘anterior erura,’ from the under and 
fore part of the cerebellum, or converge from the lateral and fore- 
art forward, Ye tesa hs ane eee ee 
optic lobes: these answer to the * A cerebello ad testes 
of the human brain: they are connected below their origin at the 
under part of the cerebellum by one or two transverse fasciculi of 
rele brs, Toga the “een ae ea ee 

pyramids just behins “hypoaria,’ fig. 185, n. inferior 
hile surface ofthe cerebellum, which orm the roof of he fourth 
ventricle, is called ‘ discus cere! itl Sti 13,0) 
Cepeda heen al 

The restiform columns, quitting the 


connected with a thick vascular mass 
mater and arachnoid. The 
convolute in the Skate; enormous and | 
with the vagal lobes in the 3 but in most 
Osseous Fishes (Lepidosteus, aves 
developed 40 as to merit the name of 
the Cod the inner surfaces of ed 
project into the fourth ventricle, andl obliterste 
the fore part of the calamus by i ath he ; 
this commissure, which is beneath ae 
lum, is the  commissura restiformis,’ | 
‘It is remarkably developed in 
~= bau a begn ances agate 
arin ot Crweramon- beneath the one: My 
wee ee the medulla oblongata is pe a 
ventricle exposed from behind, and the restiform commissure, jy 
raised: it has an antorior and posterior median notch, 
‘The primary division of the brain, which eonsists of | the medills 
oblongata sath the cerebellum and other Jess constant appendage 
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in Fishes, is called the ‘epencephalon, gi 179, fro,Se:AVSi gO 
ores peeetean the cranium, 
and diversified in this Poe de in any of the 


higher classes of ‘ertebrata, 
of the brain is called the 


primary division 
#0 6 bby it is usually the largest 


weoumlantdltediey 
‘optic lobes,'! figs, 176, 177, 
180, 4 (in most of the figures, 0), 
of two lower subspherical bodies, 
called * hypoaria,’? figs. 178, 185, n, 
fig. 181, «, with i i 
walls 


lobes, a emall 
Reacts to cs aerate Sac Oecas Fishes The 


Lepidosiren, fig. 186, 0; the; smaller than either the 
ee a Vacate dct pitas, fg. 178, 0,38 


ura pe iv., fig. 7, 





lusively the central ganglion 
function that of recei the impressions 
of sight, pe religretiteine Nc ese e 
The optic lobes are hollow in most Fishes, fig. 182, 6. The 
exterior surface shows blended grey and white matter, the white 


\Brata ot Percy, wits the opie tubes Lald 
ea i tr wae 
ie 


the 1¢ optic lobes from above, as in fig, 


horizontal section, as in fig. fe 13, me ore 
with the expanded myelen- 


each side of the back part of the septum; 
id Perch, thaw four of Wises MEE the 
184, ¢, two: in the Carp they are oblong 
corti eae 


micireularis’ of Haller, Bg. 184m. 
either the ‘thalamus opticus’ or the 


but are not homologous 
* cut tll, p. 201, 
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protuberances, 187, #, separated below 
) flee of the kta ent, In 
distinet, abd have in 


fn front of the eOtry 10 yu ws proe econ 


r surface is striated ; in 
they are confluent; bat commonly they are 
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fishes, they contain a cavity (hypoarian ventricle), In some 


pcelwell 


ean! 
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op alpen emeebrstrorsetr erent (i mi oor 
hypophysis, ib. p, are peculiar to the brain of fishes, and, in their full 
alan paetedeaboerr rer Ter gy fem irae es 
3 thoy are absent in the lowest, and disappear in the highest 
eal they are mere rudiments, or are wanting, in the Poly- 
plerus, as in the still more amphibioid 
‘The true vasculo-membranous infundibular downward pro- 
longation of the third ventricle exists in all Ossoous Fishes, and 
extends from the anterior angle of the hypoaria, where these 
exist: the infundibulum is commonly short and thick, 80 that the 
hypophysis is almost sessile, as in the Cod; but in the Lophius, 
the infundibulum is longer than the entire ‘brain, and the hypo- 
physis lies at the fore-part of the cranial cavity, far in advance of 
the cerebral lobes.! In the Cod the hypophysis, fig. 185, p, isa 
subspherical mass, with an irregular or slightly nodulated surface, 
almost half the size of the human, penal Parma 
and illustrating the vast 
appendage to the brain of Fishes. To the Lepbicaen ota? 
hcl wide, and the hypophysis a white flattened discoid 


ma 186. ont In all Fishes it is richly supplied with vessels 
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* 174, 175, 186, n, 


Iobes are conmonly in contact with the optic lobes, yet something 
of the be seen 


analogous to the 
in the ‘4 of the. Chir which th seca 
[vance some way before expand into the 


he in of the 
Saat ee ue 
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regard to the ‘cercbrum’ of the Cod, a median tract or con- 
yolution is marked off by a longitudinal fissure, which extenis 
along the back of each prosencephalon, defining a posterior and 
etigeiecooaweln tials the median convolution is fissured 
om ita inner side. Laermer tate hi i 
anteriorly ; and here, as in most fishes, the median 
tract is the most constant subdivision of the prosencephalic 
superficics, 
‘The large elongated prosencephala are smooth in Chimara, 
fig. 179, », Polypterus, and Lepidosiren, fig. 186, P, and in the 
188 still more developed conflaent mass 
in the Sharks, fig. 187, 9%; the 
smooth in 


recognise the the prosencephalon 

Fishes, appear to have been misled chiefly by its small 

size, which is commonly that exhibited in the brain of the Cod, 
the Carp,and the Globe-fish ; in some species the 

te even satallan pu ths Gish, gH aetheg Oe 

‘The prosencephalon ere the cerebellum in size, but is leas than 


the of lobes in ceed Brean eae 
the cerebellum, in the Eel; in the Stickleback 

lon exeeeds the cerebellum, still 

i toil eles att peer 





rhinenee- 
aa 174, 8, sinks to the prolonged basis of the: 
lars ie pes thie ccbetlatun Sia SEGRE 
prolonged in ail Oesecun Fishes: sienna 
or rise into sma Gas 
Anguilla, 176, B, Cottus, Cyclopterus) many fishes t 
ee » Nowloped he in miviees of the rest of the 


fishes; but the rhin trul Toth. 
and Carp, ig 178, sppremee ye ee | 
n with the ales, with a pr 


medullar, t 
is a bundle of nerve filaments: the medullary tract of the 
is fibrous, but the fibres areas fine as in the crus corel 
much more nu vous and less easily separable than in 

tory . In this there is no grey tract: it 
of comparatively large and readily separable white 
radiate at once upon the olfactory capsule ; the 


iren, fig. 186,1, 01. In Sharks a ventricle is eo: 
to each rhinencephalon along its crus from the prosencephalon. 


+ Camper, uxt. p. 98; Cuvier, xxitt p, 381. 
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Che slavery clay the Rnsreebais crs ae upon 
the olfactory ea) y rhinencephalic crus, w! prolonged 
e the capsule, always expands into 2 ‘tubereulum olfactorium,’ 
lon, before it transmits the true olfactory nerves to 
aiakrile In other words, the olfactory nerve conveys im- 
recs toa proper centre or lobe, which, in Fishes, may be 
situated close to the capsule, or close to the rest of the brain, 
and the length of ita crus will be inversely aa that of the nerve. 
‘The olfactory lobes or rhinencephala are serially homologous with 
the optic lobes. As to the prosencephalon, since this does not 
immediately receive or transmit any ae it resembles in this 
important character the cerebellum, and even in the 
present class, to be developed to a degree beyond the ganglions 
'~ at since ea oe sense. 
more special homology of the prosencephalie lobes, 
=e their normal proportions and solid structure in Osseous 
Fishes, with the parts of the complex and fully developed prosen- 
in Mammals, will be made manifest a2 we trace the 
progress of that complication synthetically. Cuvier had already, 
by the opposite course of analysis, reduced the hemispheres 
im birds to the ‘corpora striata,’ with their commissurcs and a 
thin supraventricular covering. ‘Le corps cannelé; he sys, 
‘forme & lui seul presque tout Vhémisphire.”' But he failed 
to recognise the homology of the prosencephala in Fishes. 
Since Arsnki's time? their Leeeares with the cerebral lobes of 
Reptiles, Birds, and Mammals has been generally recog- 
nied. Girgensohn® says they may well be compared with 
the ‘corpora striata;’ but he notes the important difference, 
that, whereas these ‘transmission ganglia’ (durehgangsknoten) 
give passage to the radiating fibres of the cerebral crura in 
their course to other parts of the cerebrum in Mammals, thoee 
fibres terminate in the solid prosencephala of Fishes. ‘The 
establishment of the lateral ventricles in the prosencephala of the 


Tt now becomes important to note the mode of establishment 
of these cerebral ventricles: they are not formed by the super- 
addition of a layer or film of neurine overlapping parts answerable 
to the solid hemispheres in other Fishes, but are cither central 
excavations, as in the elongated prosencephala of the Lepi- 
dosiren, fig. 186, iv. or they are docp fissures towards the under 
part, as in the coalesced hemispheres of the Shark; whence I 


Vos, ii 1709 p. Toe, * cunt, 3813. * uxut. p 195, 





interesting to perceive on i Manley chi or 
phalon in many fishes the foreshadowing of the 

which are not fully established until an advanced Mammalian 
grade is attained. The prosencephalon of the fish is far from 
being a miniature model, but it may be regarded as the potential 

‘tative, of the complex cerebral hemispheres of man. 

@ average proportional weight of the brain to the rest of 
the body in Fishes is as 1 to 3000. Inachub ste cl 
Ti hd ‘842 scruples; the brain, exclusive of the 
a 


nally greater in ‘than in ‘ber 
Saree 


Mpa tirrap i But as 


re ca 
ar developement and complexity of the 

entre of the vagal or respiratory nerves. The 

yprinoid Fishes, which have not the mechsniel 
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unaided by an air-bladder, sustains itself at the surface of the 
by vigorous muscular exertion of well-developed pectoral 
Korat ade’ ue it were, in the upper regions of ite 
is proverbial for the rapidity of its course, and aub- 
page eter and devouring a living 


Son canadien in ethane: respects the samegrade 
and type of stracture as the more active ‘Squaloid 


Lepidosiren is as complex as in the Plagiostomes, and ie more 
extensive: but the fins are reduced to mere filaments, and the 
fish is known to pass half the year in a state of torpid 


‘innetivity, 
The cerebellum is large in the Chimera, fig. 179, ¢ In the heayy 
Jaden ganoid fishes, the cerebellum is smaller than in the 
Osscous Fishes: the imbricated armour of dense enamelled bony 
scales must limit the lateral inflections of the tail; eo we find in 
Polypterus the cerebellum hardly more developed than in 
siren, alee i in the somewhat more active and predaceous 
dosteus it is the emallest of all the segments of the brain. 


nny, whose muscular system 
al characters, most nearly to that 


d enter | the sensorium of the fish, and 


large optic lobes: without such experience, we can at | 
only indulge in vague conjecture from the analogy of 
sensations, We find, when Nature reduces the 

sight to such minute specks as can give but a 
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the difference in the shape, size, and structure of their prozence- 
phala is hardly less than that between the Shark and Pike. The 
combative Stickleback has longer and narrower prosencephala 
than the cowardly Gudgeon, The nidificative and philo-pro- 
genitive Calichchyo bas cesthar"tha astaro-laters nor the posterior 
regions of the cerebrum more developed than im bony fishes 
generally, 

§ 63, Myclencephaion of Reptiles. 
trachia lead sluggish lives in swamps and 
as little developed aa those of the Lepidosiren, and their mus- 
cular movements are perhaps even more restricted : bo 
cerebral lobes seem to poeple a tac eae 
of the brain, over the prosencephalon of 
rathor by contrast with the rudimentary 
ep-cncephala than in the relutive size of the prosencephalon to the 
entire bod) 

In Newt, weighing $0\grins, the, brain weighs mas Rtee 
of a grain: and in the large Sirens, Amphiumes, and Menopomes 
the proportion of the brain to the body is less than in the 
Newts. 

‘he medulla oblongata slightly expands; the 
and restiform tracts diverge and expose along and si nae 


aro pyriform, with the base sessile on the: 
isp ofthe hei heres the nerve is shorter than ii 
“The cerebral ventricles are continued inte te 


n may be wholl removed fs 
¢ ter eaace, id oa 
of the myclon in front of the roots 
of cer ical seis ee nevertheless the 
© the reflex actions of the 
; of the muscular fibre, ihe 
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functions of organic life. In the active state of the euammer 
season, such mutilation is followed by death in one or two hours, 
rarely more.! 

Tn serpents, the cerebellum, fig. 188, ¢, expands into a depressed 
semicircular lobe directed backward from the confluence of the 
restiform erura and overlapping the major part of the fourth 
ventricle, which appears as a short median fissure. The optic 
lobes, ib. 6, now expanded 188 
to the breadth of the cere- 
bellum, show both a longi- 
tedinal and a transverse 
fissure, the latter crossing 
near the hinder border, and 
giving to this part of the 
brain a close resemblance 
toits homologue the ‘bige- 
minal bodies’ in Mammals. 
‘The optic lobes are hollow = 
the cerebral crura show 
slight enlargements, like 
optic thalami, anterior to 
the optic lobes, before ex- 
panding into the hemi- 
spheres. These are pressed 
into close contact medially, 
aml compose a Ico 
phalon nearly a pea as 
long, and double the 
breadth and length of the 
mesencephalon, The outer 
surface of the hemispheres 
is smooth, composed of a 
thin layer of vascular or 
grey neurine. Into their 
cavity or ventricle a ‘cor- 
pus striatum’ projects from 
the under and outer side; beneath or mesiad of which is a minor 
proninence. ‘The septum, formed by the thin mesial wall of 
each hemisphere, is perforated for the passage of a ‘choroid 

. The ventricles are continued forward into the olfactory 
lobes, fig. 188, 1; each is marked off by an oblique fissure from 
the fore part of the hemisphere, which it equals in breadth y 

* ect. 
va 


‘Drains ant orvos of the ou Comatrieto, xy. 
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and after a short curve, resolves itself into a close fasciculus of 

olfactory nerves. 

= In the Lacertilia, the eyes being relatively langee 

and more active in function than in Serpents, the 

ae lobes, fig. 189, 4, show ling, increase 

of proportional size to other parts of the brain. The 

cerebellum, ib. ¢, is still smooth, depressed, semi- 

cireular, and leaves more of the fourth ventricle, ¢, 

exposed than in Python. The optic lobes cease to 

show the transverse fissure, and form a pair of hemi- 

herical hollow bodies. The corcbral hemispheres, 

ib. a, form an elongate oval body, more contracted 

tin ot a ADteriorly than in Python, The olfactory lobes, ib. y 
Lars (ear aC Contracted at their junction with the i 
Tow corm into the resemblance of * crura rhinencephali.” 


lew, Cexvh, 


Brain of Tortolso, base view: 
corn. 


Resin of Twrtie (Chalom), pp view 
or, 


Tn the base view of the brain of the Tortoise, given in 
the absence of * pons Varvlii’ and of olivary or pyramidal 
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is shown in the medulla oblongata, which is indicated by a slight 
tumefaction giving off the fifth, 9,4, 5,6, seventh, 7, eighth, s, and 
ninth pairs of cerebral nerves: the tract is bounded anteriorly 
hy the hypophysis covering the origin of the optic nerves 
The continuation of the basal fibres of the hemispheres, ¥, 
into the rhinencephalon, 8, is shown, 


prosence= 
i The epencephalon includes the 
medulla oblongata, with the cerebellum. 


In the turtle (Chelone, fig. 191) the cerebellum, ¢, ia elightly 
raised by the bristle, o, to expose the fourth ventricle, 4, in which 
the sides of the calamus rise into ‘teretial tracts.’ The cere 
bellam is subelongate in its form, consisting of an arched layer 
of neurine, emooth externally, of equal thickness throughout, 
which spreads over a portion of the ventricle, The remainder 

cavity is covered by a vascular plexus, derived from 
sides of the medulla oblongata, which forms a sort of valve, 
ing united to the margin of the cerebellum, com- 

the fourth ventricle, which is large and pro- 

back, The optic lobes, 0, are smooth, sphe- 

a plane inferior to the cerebellum and cere~ 

lobe has its ventricle, c*, which communicates, as 
bristle, m, with the fourth ventricle, and likewise 
third; the ‘iter’ to which may be seen by divaricating 
lobes, covered by pia mater reflected down the interspace, 
pee a Bincaagl Rapa From the third ventricle a 
or ‘infundibulum,’ ix continued down to the Lepeoeee 
upward to the ‘pineal’ body, which is pyriform, hollow, 
vaseular: it occupies the interspace between the 
cerebral lobes, r, These form the largest of the 


LES 


au 
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primary divisions of the brain, but retain the form and character 
of simple smooth nodules. Each lobe has its ventricle, fig. 191, 
P, containing a } carpe striatum,’ fig. 193, 1, in which 
the ‘crus cerebri,” fig. 194, 1, Boucle 


smaller ‘oblong’ cosinanoe “connected 


onthe myelonal canal, fig. 191, g, is continued along 
‘which 56 it expands, 


and assumes the 


parts and structures of the encophalon, 
Perform a good work fn trae Anatomy, 
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the ia from above, by thei 
in ot thorn te na exposed e, by their removal, 


lipases A 
c} é 
: de, i 
ped =a paren a pearl a por 
tion has been removed in this figure 
sgexpescite erenrerabt ints cent 
fe 
proa= 
rhineneephalon, 


the inferior one is tho mnnat, Person ot ite tata of 9 Tete pertoer, 
distinct, fig. 190,' 

In the brain of the Crocodile a marked advance is seen in the 

relative size of the cerebral lobes, especially in regard to their 


prosencephalon; the optic lobea, also, 
st fair fw blk 0 the coebellon, and 


as trecat poten and toads bat, 
‘with the acquisition of the mature form, the myclon shrinks in 
length, and terminates midway between the fore and hind limbs, 
being resolved in the frog, into the three pairs of nerves which 


¥ xx vol, ill. p22, No. 1312, 





agp igeemaiep tia g on to th 
eee 


equally developed limbs, the more muscular trunk and 

demand « myelonal mass which renders the brachial and ilise 

enlargements Need ies ‘There are no partial 

of the myelon in Rees 3 the nerves, as numerous as the 

yertebrw, are given off at short and regular Cet 
188, m. 5 

3 54. Membranes of the Myelencephalon in 

brain and myelon are immediately invested by a thin but fin 

vascular Cheyer outer siemens which, in most F 

many Ro| astratum of pigment-cells belonging 

pap eslaw ys sear cnereale ee which has here © 

with the pia mater, This vascular membrane seems, the 

be coloured with dark points, 

speckled upon a silvery ground; and the 

accompanies the processes of the pia mater into the 


ventricle; it is largely developed in the p 
imental ebellum in the Lepidosiren, te the 


‘sts, but in less quantity, in the spinal 


+ xxmi, b p. 309, 
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Blennius, Anguilla, Cyclopterus, Gasterostens, Eperlanus, Cot- 


thinencephalon is formed 
not only of fibres con- 
tinued from the progen- 
cephalon, but also, and 
in some fishes chiefly, of 
distinct white and grey 
tracts,traceablealong the 
hase of the mesencepha- 
lon, in partas far back a8 
the prepyramidal bodies, 
80 the origin of the olfae- 
tory nerve has been de 
scribed og characterised 


(eg. im the Perch), 
where the —rhinens- 
phalon, figs. 180—18%, 
#, is in contact with te 
prosencephalon, ib. ¢, # 
emall portion of the trot 
olfactory nerve may bt 
distinctly traced back 
ward as far as the mest 














bellum, and in the 
to the hypoaria, and at 
exclusively 

in the optic lobe. 
of the characteristicr 
origin and coune 
buted in works of Comparative Anatomy to the olfactory 
are to be understood of the <erura rhineneephali.’ In 





rata and cervieal nerves of Cod-tah (Godus worrhea).. LIV. 
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‘Pirwle of Hate (Bae, Nas Boras of Malibut (Mrrplnonas), 4 upyes, meiner 
View, cert ‘View. cer, 


A opsis, fig. 175, 2. In the jostomes, fig. 197, Holoce- 
Be, Geatidel ant Frotptels a Spee nein oes ee a 


art from the optic lobes, ib. d, in part from the hypoaria, ib. ¢, ¢, 
adhering to the fore part of the base of the mesencephalon, 


septum opticant 
rr I, the Garpike, and the Lump-fish, a 
m may be traced to the hypoaria: in the Cod, fig. 185, and 
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lake some fibres of the optic nerve, ib. 2, are derived from bath 
the hypoaria, ib, » and fig. 109, d, and from the wall of the third 


some 
times the right nerve in its passage to the left eye : 
fig. 199, 6,4, fig. 201, sometimes over, figs, 186, 198, the left nerves! 


190 in Sob cantons ete 
surface of the optic lobe * 
also folded: and, im all, the 


‘Maia of a Make (Morlucofu) with tho base upward. ect. 


blyopsis, and the Lepi 
ae ee ummcne motory nerves of the orbit. In the 
vl 4 emnall third nerve and a fourth ne 
wa Are closely connected where they 
cranium, again separate, the one 
the rectus superior and rectus 
other the obliquus superior; the filaments supplying 


* Tho writer has seen both varietios in diferent individuals of Gadus sunt 
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pct ia erate ca or ir, In 
all other fishes the sixth ar abducent nerve, 185; 6 ae peopes 
origin, a8 well as the fourth and third. 0 third, or oculomo- 
torius, ib. , rises from the base of the mesencephalon, behind the 
psc ib. #, or from the commissura ansulata; iteseapes through 


the orbito-sphenoid (Carp), or the unossified membrane beneath it 
(Cod, fig. 196, 3), and is distributed constantly to the recti superior, 
inferior, and internus, and to the obliquus inferior; it also sends 
filaments into the eyeball: the ciliary stem, or a branch of it, 
usually unites with branch of the fifth nerve, and somotimes, 
as in the Mackerel, Gar-pike, and Lump-fish, developes a small 
ciliary ganglion at the point of communication. 
‘The fourth nerve, or ¢rochlearis, fig. 196, 4, rises from the back 
of the baze of the optic lobes, between these and the cerebellum ; 


rain tint origins of the Mii nerves of the Cot, ecvHtT. 


it escapes cither through the orbito-sphenoid (Carp), or the con- 
membrane (Cod), and ia constantly and exclusively dis- 
tributed to the superior oblique eye-muscle, ib. g. 
‘The sixth, or abducent, nerve, figs. 186, 196, 0, rises from the 
tracts of the medulla oblongata, fig. 185, a, beneath 
the fifth, and, in most Osseous Fishes, by two roots, at in the Cod, 
ib. & Losier ieee dl alee the ganglionic origin of the 
fifth, In the Carp and Lump-fish it receives a filament from the 
sympathetic, before its final distribution to the rectus externus, 
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fig. 196, b= Hieainelk Sree rrerey go oS Sg 
alisphenoid, in advance of the fifth nerve. 
trigeminal, enormous in all Fishes, from the 

‘Lepidosiren, rises, often by two or more roots, from 
the restiform, or from the anterior angle between the 
restiform tracts ; in some fishes from a special i 
Bee whe (Gan teee ane 
‘roll Sabah Sn) Lump-fish) by in resolved 
into several roots, The trigeminus shows Salt its (myelonal) 
character in Fishes, nenitbeia erie vpn 
the medulla oblongata. In tho Cod, fig. 201, the 
portion is shown at 1, the roots of the ganglionic portion at 2, % 
ensebeeed chili re portion is separated and turnol 
back: on the rij its Senn ee 
first, a, second, 6, and third, c, branches of the 
ran ol comp ab nso the ee 
the fifth branch, ¢, is exclusively from the portion, 
‘The trigeminal is in close contact with the acoustic nerve, at thelr 


Train atv MPU norves of the Ray. COVETE 


origins, To Cottus, Blennius, Cobitis, and Lenciseus, the ganglion 
or dorsal roots recede from the yentral ones, as they penetrate tht 
medullary substance. The non-ganglionic roots in the Blenny 
join the ficial and glossopharyngeal. Of the five roots of the 
trigeminal in the Sturgeon, the first, eecond, and fourth form * 





ES 


10s 
ganglion (Gaserianum). In the Skate (Faia) the roots of the 
pl are, ana heap acount mee from 
the restiform tract: oe Sere perth Dalles 
fimbrinte part of the tract. A pin is passed between the second 
ganglionic and tho non-ganglionic portion; the latter, ¢, being re~ 


curing erp oe 


athe vagy 30, cen rma Jo th i 
forming the dorsal Sy oan ok a sera beeen SE me, which 
rest of the fifth 


il 
I 
A 
HE 





id 
arch, gives to the pectoral, ib. P, and ven- 


dilularis, set mazillaris inferior) consists chiefly of motery filaments 
which supply the muscles of the hyoid and mandibular arches, 
and the *ranrus opercularis seu facialis,’ fig. 202, ¢, to those of the 


emerald es 0H, pe Bessck 
| passes outward to the suborbital mucous canals and integu- 
ments on the sides of the head; the other, after sending a branch 
erence eerie? slong the floor of the orbit, 

* coxxve p. 45, fig. 2. 
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. eee ee 4 lath i 
saiere ‘ seasae tid ets aie ‘The 
super-orbital division, ib. ¢, gives off the two ciliary nerves, ane 


of which joins the ciliary branch of the third; it supplies the 
olfactory sacs, and the integuments of the upper and fore partof 
the head. 

In the Skate the large sensory branches of the fifth, sent to the 
integuments, and to the singularly developed mucous canals, have 
ganglionic enlargements near their origins, fig. 202, a, 4, where 
they leave the main trunk. The first electric nerve is given off 
by the fifth in the Torpedo, fig. 139, 5, and many of the terminal | 
filaments of the tegumentary branches of the fifth are connected 
with the peculiar muco-ganglionic corpuscles, described at p. 32h 
fig. 215.! In the Sturgeon the snout and its tentacula are 
plied by branches of the infrn-orbital, not from the | 
divizion of the fifth; the opereular or facial branch supplies, i 
addition to the gill-cover, the integuments and lips of the pre 
tractile mouth, and the pseudobranchia: it communicates wit 
the glosso-pharyngeal. 

In the Lancelet the fifth nerve, fig. 169, od, distributes many 
filaments to the expanded sensitive integument which represents 


‘ oxxur. 
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the head, and forms the sides of the wide oval opening; it also 
vuppliew the oral tentacula. In the Myxinoids the same nerve 
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| Thus in reference to the motor filaments of the trigeminus or 
freat spinal nerve of the head, those that form the portio dura or 
acial nerve in higher Vertebrata are not distinct from the rest of 
he trigeminus at its apparent origin, except in the Lamprey; in 
fhich, on the other hand, the motory filaments of the rectus 
etain an associated origin wi trigeminal. * facial” part 
if the division of the fifth, in the Perch,’ is that 
thich the mandibular, opercular, and i 


acoustic nerve appears to be a primary branch of the fifth, 
p the Skate, fig. 201, 7: ita distribution on the labyrinth is beau- 
ifully chown by Swan in tiv. pl. x. fig. 2. It communicates on 
hho great fic sac with a motor branch from the vagus, which, 
(er giving filaments to the posterior semicircular canal, passes 





hharyngeal,’ i “this nerve, on being touched near its 
ase animal, immediately produces a contrac- 

tt appendages of the gills’ (ib. p.41). In the 

i peeente: 185, 7, which here as in all fishes 

i large size, rises close behind, but 

ir, ib. 5, between it and the vagus, ib. 4: 

he mcoustic nerve receives # filunent from the vagus, extends in 
| crescentic form, fig. 196, 8, upon the labyrinth, expands upon 


* xxim, tom. §. p. 323, ph vi fg. 
ToL. te x 


Lam 


Rens short ie neers sree ses 
In Salmo, Clupea, Acipenser, the ‘nervus lateralis’ is formed 
scary by the vagus: in the latter, as in Chimera, Balister, 
Y this nerve is a single longitudinal 
bony my sehe are two which run 
he fishes it is continued very 


ly the nerve or « main branch lies 
¢ course of the lateral mucous line, as in the 
; in the Flat-fish and Bull-hoads it has byh 


2) hy the vagus, and diviles: 
into a superficial branch, supplying the Intel tog line, and a deg 
ed 
nls ‘3 eh ine RAO, Prop 0, 1808 Cemeciraeal ys 
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seated branch, communicating with the spinal nerves, and sup- 
plying the and the skin.’ Whether 


sends 
Saseeeeeacman mente by a 
mervus: most i 
the execpt bone Pita Giretparbef tha rice lake 


is ganglionic: it ix the true pneumo-gastric, ii 
pharynx, heart, and stomach, and 
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organs: ‘Torpedo are, in great part, supplied by this remark- 
ble yagal nerve. The proportion of grey to white filaments 


= spinal, or nerve rises usually by two roots, 
dorsal one having a ganglion, rarely by a ionic roots 
prepyramidal tracts: it usually cmerges 

* ame toms, |. pp. 995-27, * coxsvm, * come 
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between bp ts meipitetic rh io ets i 
dorsal and a 
ventral branch 


Lacioned 
zseo uate cy and 
geniohyoidei, 97, fig. 135. It is “called * hypoglossal nerve’ by 
some er tpere but this name more properly applies to 


adh the eles crs os 5 Sea 
or motory origin; sometimes each rises singly ; comotimes, aa in 
the Cod, by two or more Slamenta, fg. 198.” Ory + 
motory roots are long in most fishes: the 
largest, arisea by more filaments, and further 


Tn inost Osseous Fishes one dorsal root joes 


branch of the spinal nerve, and the other 
ventral branch of the ‘same ‘nervé: 0 


ventral filament, ¢, of the same serv 


* iv. pl x. 
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to form the ‘ramus ventralis, v. The filament of the ventral 
root sent to the ramus dorsalis of the succeeding nerve perforates 
the lower division of the dorsal root of its own nerve. 

‘Thus each spinal nerve forms a ‘ramus dorsalis,’ fig. 205, 10, 
and a ‘ramus ventralis, ib, s; the ramus dorsalis includes a 
sensory filament of its own nerve, and a motory filament of the 
antecedent nerve: the ‘ramus ventralis’ is formed by » motory 





Lateral neevo nnd Weanehes, Cot LEY. 


and a sensory filament of its own nerve; both rami ‘ ventrales’ 
and ‘dorsales' are associated together, and with the vagal and 
trigeminal nerves through the medium of the great ‘nervus 
lateralis,’ fig. 205, 1, & 

‘The dorsal roots of the nerves distributed to the free, explora- 
tory, pele rays of the Gurnards, rise from special Tionie 
swellings of the cervical portion of the dorsal myclonal columns, 

56. Nerves of Reptiles.— The olfactory nerves are continued 
files, for a greater or less extent, from the rhinencephalon, 
figs. 185, 191, to the olfactory sacs; the white and grey tracts 
beneath the prozencephalon, fig. 190, P, described as roots of this 
nerve, ig to the rhinencephalic crura: the tue olfactory 
nerves are less distinct from their centres than in other Ver- 
tebrates. In the Python, fig. 188, the nerves, 1, of equal 
diameter with their centres, gradually expand, by resolution of 
their fibres, as they DE the olfactory sacs, ib. d, and are 
joined by part of the division of the * fifth.’ The olfactory 
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nerves progressively increase in length in the Turtle, Iguana, and 
Crocodile. The distribution of their fibres upon the vascular 
pituitary membranc, supported by the turbinal cartilage, is well 
displayed in a Hunterian preparation of the Turtle.’ 

‘The optic nerves, corresponding in size with that of the eyes, 


206 





Corot, storior apis, and aytnpathenie werves, Hythe. 427, 


are smallest in the fish-like Batrachians. They arise from the 7! 
optic lobes, fig. 192, 0, thalami, and optic tracts, ib, @, and ileal, 

by a few decussating lamin, into a chiasma, ib. 5, before divee 9! 
ing to the visual organ; their course iz shown, in the Python, # 7! 
2, fig, 188, The position of the ‘third’ ar oculo-motor nerve® | 
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‘ive destinations at the middle of the floor of the orlit: 


reptiles is recruited by an ‘accessorius,’ arisi 
preteens scene rks Tn the 

the vagus communicates with the sympathetic, 

Se nee eae sie ea 

Tt sends a branch to communicate with the ‘ninth,’ 
‘Secinel i the sviscis an! moabane/ ie Sasi he 
trunk is then continued dows Gx ack; close to, tie tenekes aa 
jugular vein: on the left side it also 

artery; it sends filaments along the large to 

others behind cach aorta, similar to the recurrent nerves, to te 
distributed upon the trachea and asophagus: each trunk for a 
short space accompanies the 


the vagus ane large branch, which communicates 
the sympathetic, to the left surface of the stomach, and this als 
gives filaments to the contiguous part of the lung. ‘The trunk, 


ig the viscera, gives branches to the right side 

of the bacererneet terminates on the beginning of the intestint, 
at the pancreas, 

In tho Chelonia ana Crocodlitia the quits the skull by two 

or three of its roots, which unite ou! to form the trunk of the 

nerve; its communication with the glosso-pharyngeal, the ninth, 








ol ope ay alg it sends a branch to the hyoid 
branch to the tongue, and a third downward 
Peeper cee ges nize oeccmepenion din vigua aii os 


Spree erecir es pope ins. taeacacndet 
‘the nerve, or rather plexus, distributing branches to the parts to 
which the source of nervous supply is ascribed to the hypo- 

; but this nerve has a distinct origin by two roots in the 


‘The first and second spinal nerves arise, in Chelone, like the 
Lake Sop dt Era the sensory or dorsal roots in 

are smaller than the motory ones. The skin 
of the neck ix not very sensitive: the muscles are large and 
numerous, — In the back, where muscles are few and small, the 


vertebre in Batrackia supplies the muscles and integuments of 
the subjacent part of the throat, and sends a few filaments to 
those of the seapula. Four of the succeeding spinal nerves 
combine in the Salamander to form the brachial plexus: two only 


form that plexus in the Frog, that between the second 
and third vertebra: being the largest. Crocodile the sixth 
peventh cervical nerves, with the two following, combine to 


and 
form the brachial plexus. In the Turtle the sixth, seventh, 
sigith, and ninth spinal nerves constitute the brachial plexus. 





i | 
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‘Tals distributes ie pipepireny ie ie op 
‘The circumflex supplies 


major, to 
# between the 


radius and ulna, and ultimately 

Tn the Frog the axillary nerve 
and skin above the scapula: it is continued into the brachial, 
which bifurcates, One branch winds round the humerus, like tht 


and reappears at the outer side of the forearm: it eends one 
Hxangh to Che slcic, andl siiSOias es tua bane REST ‘ton, wi 
divides to supply the same aspect of the digits, The othe 
division of the brachial nerve representa the ‘medinn ;’ it divides 
into a larger branch, running along the interossoons furrow af the 


nerve com ites with the sympathetic, and accompanies 
the rib, to be distributed to the vertebral muscles and inten 
ment, fig, 206. 
In the Tortoise, nerves, analogous to the phrenie, are sent fies 
the first three dorsal pairs to the sheets of the dis 
fig. 160, 42 Succeeding dorsal-neryes communicate with tht 
sympathetic, and send filaments into the substance of the carapact, 
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ost of which pass through, and terminate in the vascular beds of 
scutes. 


‘The seventh and cighth dorsal nerves, and the three consecutive 

pairs, contribute to the formation of the crural plexus. The 

formed by the Inst dorsal and the first two sacral 

Tn the Crocodiles and Lizards the sciatic is formed by 

spinal nerves: in the Frogs and Toads by three, 
208. 


plexus in the Tortoise sends filaments to the trans- 
fig. 150, 41, and obliquus abdominis, fig, 151,40; to »ome 
‘ic muscles and the glutwi; it is then continued into the 

! The obturator ii 


E 


E 


Pt 


Li 


Wi 


crural nerve is formed by the two lumbar nerves, 
muscles on the fore-part of the thigh; 
the last Iumbar, the two sacral 

= : 


‘internal branch, distributed to the muscles, digits, and skin of 
hind-leg and foot. 
The tenacity of vital force in Hamatocrya, and the seemingly 
peculiar susceptibility to the voltaic current in the Frog, have 
made thatanimal the usual subject of the experiments exemplifying 


+ bry, ph xvi. 
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relations between the electrical, nervous, and muscular forces. it 





Garant frog, and the watvanoseopte leg. oF. it is usually called ‘Gale 


‘The ‘ galyanoscopic leg; fig. 207, 0, is prepared by skinning it, 
dissecting out the sciatic nerve from among the muscles at the 
posterior part of the bree were? 


! 
ai 
5 


Jog, ©, will be simultancously contracted. If a second 

seopic leg be prepared, and the nerve be laid upon the muselesel 
the first, and a third be placed in the same relation with th 
sccond, contractions will take place in all three legs, whem the 
thigh-muscles of the Galvani’s frog, A & B, ate excited to contract 
This ‘induced contraction’ cannot be extended to a fourth ph 
‘yanoscopic leg. 

If the nerve of the galvanoscopic leg be left in connection with 
the rest of the frog’s body, and the nerve be laid across the thighs 
of a‘ Galvani’s frog,’ as in fig. 208; these being excited to a 
tract, not only the galvanoscopic leg, ¢, but the opposite leg, 
contract; the one by direct stimulus of the seiatio nerve, the 
other by stimulus of the myelon from the inferent or * sensitive’ 
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fibres of the nerve, C, reflected upon the limb, F. In short, that 
muscle will contract when the stimulating current has its origin 
in a source external to that body. 





atvanoonne ets omnection with tho ret of the fog ld eres abrasive ov: 
Immerse each leg of a ‘Galvani’s frog’ in cup of water, 

the positive wire, P, of a voltaic battery being placed in one 

cup, the negative wire, N, in the other, as in fig. 209. In 





the limb a the current runs in the reverse direction of that 
of the volitional nervous force: in the limb » it runs in the 
same direction. After the voltaic current has passed a short 
time through the nerves, contractions occur in the limb B, not in 
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the limb 4, in ‘making’ the current, or completing the circuit; 
whilst contractions occur in the limb A in ‘breaking’ the current, 
as by removing one of the wires: the limb in which the current 
is direct contracts on making the current; the limb in which the 
current is inverse contracts on breaking the current. Tt needs 
only to leave one wire in the water, and to remove or introduce 
the other, in order to * brenk* or ‘mnke" the current. If the two 
vessels be further connected by a conductor of eopper wire, ax at 
©, fig. 209, contractions of both limbs take place on both making 
and breaking the connection. 

Nenricity is not electricity, any more 
both are peculiar modes of polar force. Any point 
of a norve is positive in relation to any point 
section of the same nerve, just as any point 
a muscle is positive in relation to any point 
section of the same muscle? Ligature of a 
nervous current, not the electric current; a 


is arrested by the electric conductor. spars 
into myonicity and into other forms of polar force, just 


metal ce the ee ee 
sion into heat, clectricity,*and chemicity, the latter shown by the 
evolution of carbonic acid.’ Molecular change, in nervous and in 
muscular fibre, attends the exercise of their respective farces 

§ 57. pathetic aystem. —This consists of one or more 
usually a series of such arranged on each side of the vertebral 
centres from near the occiput: to the opposite end of the abdox 
cavity, or to the anterior caudal yertebrm. Where 
numerous they are connected in each lateral series 
nervous fibre, und resemble a pair of gangliated 
communicate with the contiguous spinal nerves, 
cranial nerves, usually through emall ganglia in diffi 
the head, fig. 206, At the candal end the two sym] 
usually unite wit i 
the body of the anterior caudal vertebra. 

‘A-sympathetie ganglion is a body connected with bundles of 
nerve-fibres, the chief proceeding to or from it in the direction of 


ii is, the emaller nerves diverging more oF leqg transyersti 


| *Vik nervous,’ ‘Nervous. ant nan teat el teed eee 
sarin ‘of an exploded iden, that the term ‘eurrenk” is atill used in in reference ot 
rant fs fale a ee ae Bee 
‘Cx, 
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SYMPATHETIC SYSTEM. 
It consists of * ganglionic corpuscles,’ or gangli icles, fg. 210 


E 
Hate 


nerves, fig 


tremens 
spinal nerve, ¢ showing 


main 
3 the 
the spinal 
merve-fibres in 
the'perteth the wryelons x ix 0: portion of the communicating 


pi dyoies bes ntereeah 
oe mpdlested fibrous tissue. 
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passing to Sonera b,m portion passing, to the pes 
3 © fibres of the nerve im the 
evista trent Ss iets Speer eee a ea 


‘Communteation betioen the sympathetic and thin xpinal nerve tt the Pret: COIR. 


the pelvin; 9, gare euxtenoslsy h, specks of se 
mark the ganglions in the on 

68. pathetic Fishes.— system, as haa 
ae ott of of the n n 
series of nerve-organs, is differentiated by orev 7 ps dn 
the Myxinoid Fishes it is by the intesti ’ 
continued from the confiveiss ob Ahh tro signe sage Ino 
Fishes the viseeral. Hecoees are ane ea connect 
slender uerress socom 





ee — I 


by across branch: they then send nerves which join the gastric 
branches of the vagi, in order to form or join a splanchnic 


Gann me sometimes found at the junction of the 
2 Sa the fifth, as well as at that with the gloaso- 
4 1 yl ee 


Fishes ; but the intervening chords are semi-traneparent. 

$59. Sympathetic of Reptiles.—The tranks of the sympathetic 

yc 3S tele cahg formed in a great proportion by con= 

tributions from or communications with the spinal nerves; there 
are, however, slight enlargementa at the points of connection, 
often marked by pigment-cells, in which true ganglion-cells 
occur, as shown in fig. 212, h. 

In Ophidia the tranks of the sympathetic, conspicuous at the 
anterior part of the trunk-cavity, on each side the vertebra, 
pec eat as little any enlargements where they receive the 

inicating branches of the spinal nerves as in Batrachia. 

Ty lily vere as they approach the basis cranii, and are 
outwards to the vagus, forming a conspicuous ganglion 

yea janction. From this ganglion the sympathetic is continued 
peat hs semen of the basisphenoid, and forms a small ganglion 
with a branch of the second division of the fifth; it sends fila 
ments to the membrane covering the posterior part of the mouth 
and palate, one of which communicates again with the maxillary 
nerve. From the last ganglion there proceeds ‘another branch 
forward to form another ganglionic union’ (spheno-palatine) ‘ with 
a branch of the second trunk of the fifth, and from this a branch 
is sent to the posterior part of the nose, to ramify on the schnei~ 
derian membrane; other branches are given to the membrane 
covering the mouth and palate, and one pasees forward and com- 
municates again with a branch val the second trunk of tho fifth, 

Vou. 1 








pee (ane ee one or two cords, which, in the 
sacral region, give off a great number of branches, the divisions of 
which form the renal, 


exposed position, and 

above and the axillary plexus below, sending off filamente alzo to 
the arteries. ‘The branch accompanying a division of the carotid 
in a canal at the base of the skull gives a filament to the portio 

dura, and communicates with the maxillary part of the fifth, to 
eee ee cee ere Ocha poles Another branch enters 
with another division of the carotid into the reticular sinus close 
ee nk Commmmnlontes with the, partis dus, 
and ninth nerves. In the trunk-cavity, the 

ie passes from ganglion to ganglion as two cords, a thick 

and a fine one, neither of which passes behind the neck of the 
branches with the spinal nerves are 

eee ea ee ney The 
given off from Sere easels Sara re plete 
i of mammals: the «maller 
artery to the stomach, the 
cal he mesenteric artery to the intestines. Other 
kidneys, and the communications with the 
oo lema othe logre gt epenaelannear srr bee 

to behind the rectum. 

‘In the Crocodile the cervical part of the sympathetic lies in 
De ee ee Re, 
are more distinct where Seeman 
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the Torpedo has a system of mucous organs in intimate connec- 
tion with nerves of sensation; but this is common to it with other 





organs 

exist in Sharks. Seppo 
the snout of the Spotted Dog-fish 

sto show the manner of the nerves Yes manuel oe ae 
termination in this part, cach ultimate nerye 

to terminate in the bottom of a tube or duct, the sides 

secrete and convey a thick mucas to the skin.’! 
Jacobson compares them to the whiskers in the Cat, Besides the 
ee ae ees are strategy ‘theta 
and under part of the head, and on the fore part of the trunk; 
they are crowded between the masseter, fig. 132, /, and the 
branchial openings, ib. g, where they separate into two groups, 
one diverging dow |, forward, and ‘reckward, to heneath the 


ti dagen, ‘Organ of Touch in Homatocrya.—In the Dermopteri, 
» Siluroids, and a few other Fishes, with ihe be 
tayo in part ecaloless, or with very minute and 
{ e scales, lubricated with mucus, the whole or major part of 
the external surface may be susceptible of impressions from the 
surface of extraneous bodies coming in contact therewith. But 
in of the clase the exercise of any faenlty of touch 
souat be limited to the lips, to parts of certain fins, or to the 
specially developed organs called * barbules.’ 


+ xx, vol. iii, p. 55, prep. no, 1395. 


numerous papilla, and more minute 
many fresh-water fishes, In the 
ri by he th eyo the apr ia the Lap 


is papillose. sucking-lip is 
wat nugiea siete megetes pF 
from the fifth; its margin is papillose, fig. 277. ‘The associated 
pectoral and ventral fins, forming the sucker in the 

* have a texture of the applied 


may ascertain its fitness or otherwise for 
rman 

‘The pectoral fins seem to be applied occasionally to explore the 
nature of the bed of the water inhabited by the fish; and in the 
Gurnarde ( Triglida) three soft flexible rays are detached from the 
fin, like fingers, fig. 82, and the large nerves supplying them hare | 
ganglionic enlargements at their origins. The filiform radial | 
appendages of the Polynemide, and the prolonged ventral fins of 
Oxphromenus, Trichogaster, and other Labyrinthibranchs, and af 
the Ophidiidw, soles inip) the (poe ae ee ‘The 
barbules are long, slender, pointed processes of eae | 

irs: the former are limited to the under. 


the general form mapa. i 
vs 
pp = 





other parts, but seem not to be spplied in active touch. The 
labial papillw of larval Frogs are so placed and supplied by nerves 
as to suggest a tactile function. Certain Ophidians, e.g. Herpeton 
"appendages upon the 


nate 
ti 
i 
He re 
' i a 
Hi i 


parte of the body. The snout-like production of the upper lip 


ductions of the head in the latter, are probably more direct and 
active instruments of tactile exploration in these sofi-skinned, 
mad-haunting, and chiefly nocturnal Chelonic. Some nocturnal 
Treo-Snakes :) have a prolonged snout. 





surface. 
§ 63. Organ of Smell in Hamatocrya,—The essential 
of the organ of amell, ii ii 


is never traversed by the respiratory medium in ite course to the 


respiratory organs, 

‘Lhe extremities of the olfactory nerves, fig. 203, ¢, 
upon the pituitary membrane, which is highly vaseular, and ix 
covered by ciliated epithelium: its extensive surface is packe 
into the small compass of the olfactory capsule by numerous folds 
The capsule is formed by a fibrous membrane, which is sometime: 
supported by a cartilaginous, and more frequently by an osseous, 
busis, called the ‘ furbinal bone,’ fig. 81, 19. 

In the Dermoptori tho olfactory organ is single: Kalliker' 
regards as such a small, blind, tegumentary depression, fig. 169,01, 
Te connected with a 


ratile cilia, and 


ve the Dermopteri, the olfactory on 
Tare 20 onamaiociee im 





330 ANATOMY OF “VERTEBRATES. 


Seek fee coeitees Soe ae 
of water through the 
The clon Soicaiecct sige se eieeiee eer 
thick upper lip must be raised to bring the plicated snc, with its 
two remote orifices, into view. In Amphiuma the external nostrils 
are minute, spprechaatsy and sess the eo nt ee ore In the 

Siren and Axolotl tho ‘oxtornal’ nosiril 
side the snout: the internal one eon, 
pterygo-vomerine teeth. In the Pacis ra 
extend back #0 as to divide the internal nostril from the inner or 
under part of the lip: in the Axolotl it iseo extended, and the 
opening is situated between tho maxillary and palatine series of 
toeth. In these, as in the Proteus, the olfactory membrano is 
plicated at right angles to a longitudinal seam, In the Newts 
and Salamanders the olfactory membrane is smooth, and lines ae 
oval cavity with an external nostril and a palatal one, the former 
defended by a little fold of akin. 

dowel wih s aight eovmnssty ia patel safe 
endowed with a movement: vi 
Teterventthe:pelatiee sid latillarp(iutiaa/asacl ie ite ] 
the mouth. ‘The olfactory membrane is not augmented by any 
folds or prominences. pabesiisiedsrensry 
and its onter opening is much nearer that of the opposite sl 
than in other Anoura, In Ophidia the pei ‘nostrils ae 
double; the internal nostril is single and median: the bone aal 
guistle supporting the olfactory sac make some ii 

the pituitary membrane is almost black in some I 
Anguis, wnd other snake-like Lacertians, the palatal : 
ay — 
In the Iguana a xingle broad turbinal cartilage exté 
olfactory ew the outer side, terminating below 





obliquely out of its axis, but sometimes 
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mental Ruyschian layer. 

whether accompanied by the pigmental 

‘falciform process,’ ¢; it earries before 

tunic of the vitreous humour (‘membrana vi 

extends to the capsule of the lens, d, to whi 
means of a clear but firm substance, called the *‘campanule 


eylindrien 
dricules, wi 
loops, at the 
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meridians af a globe, to two opposite points or poles of the sphe= 
roid; Ge the Saheontda an Shark, they convergo to a Hnear tach 


a7 





sency ten ta the ieeen eye) susowetner actin” ea” 
sinency aman. eye, 





the choroid vesels: it also supports the ciliary nerves. The 


of all these mem 
ee ofthe Bord Xian ig. 2 
bony sclerotic.? “The membrana, 


ustrated in most: 
erical form 


r great 
also of adipose tissue, fig. 216, which fille the wide i 
‘and the choroid, 


tween the tie ar Tn the fibrous 
selerotic usually developed the two 


particularly so in the 


the cornea », wl 
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exception i 
clase is presented i co reg ana 
bisected by an opaque horizontal Line, and the iris per- 


of the eyeball, or rather its capsule, in Fishes, 

Pekiscaicnientccicg{arctnd stich part the integu- 

rehearse yielding to the movements 
1 xx ok ie 1g ron 1005, * Tb. prep. mo. 1649. 
* xx vl iii, (1696); p. 145, prop, 1696; and uxvens 











“ORGANS OF SIGHT IN REPTILES. aaT 
free extremities of which the eyeballs are situated. In all 


eyeball is supported on peduncle: 
pio perce ae ma fralhney ried anyon 
Sharks; in Selache it is articulated by a ball and socket 


sams owe emer oly ton th eter of en 
for the small quantity of that humour, the refrac- 
lens is maximised by its spherical form. To 
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The waehe are very small, 
she sic which passes 
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eee ‘The cornea is in the Land Salamander. In 
the eyeballs aa ted water, and are Jess prominent 
ee Sica pary os is a kind of choanoid muscle, 
obliqui. The eyeball is very small 
oye hag Tn the Frog, the eyeball is propor 
pespoisel, i ; the globe is spherical; the 
age hardness anteriorly; elsewhere it 
+ xx. vol. iii, p. 175, prep, 00, 1762, 
Vou. ke z 














inouth during the long and difficult act of deglutition, 

tis interesting to note tho correspondence of condition between 
‘the eye and ear, in regard to the fore court of each organ, whieh Ser- 
penta exclusively exemplify, among air-breathing Vertebrates. Tho 
| parallels the conjunctivechamber; both areclosed 
‘externally,— the one by the ear-drum, the other by the antocular 
‘membrane: the lacrymal canal is the homotype of the eustachian, 

In Lizards, fig. 221, the eyeball is loss globular, more flattened 
anteriorly than in Serpents, und the sclerotic ix strengthened near 
the cornea by a circle of small sub-imbricate osseous hi 
plates,d. The lens, ib.#,is more convex behind than 
in front; a‘faleiform process,’ ib. p, is connected 
with its capsule; and in the Iguanas and Monitors K 
it has a delicate Inyer of pigment-cells. The  p, 
ciliary folds are more marked than in Serpents, = 
In the Geckos the pupil is vertically oval: the wir" furcua. 
retina shows a spot in the axis of vision. In the pat 
Chameleon the ome is small; an antocular fold of skin is con- 
tinued in front of the globe, but it is opake and perforated in the 
middle: it moves with the cycball; the conjunctiva attaching it 
to the fore-part of the ball, and the integument at its junction 
with the skin of the head, being very thin, yielding, and wrinkled. 
The sclerotic is v0 thin that the dark colour of the choroid appears 
through it: it beeomes thicker anteriorly, especially at the inser= 
tion of the cornea. The retina shows the ‘macula centralis, or 
‘foramen Semmerringi,’ on the nasal side and a little above the 
termination of the optic nerve, fig. 221, 0." The pupil is round ; 
the lens ie very ermal! and almost apherical. The muscles have the 
usual disposition and number; but cach eye enjoys an independent 
motion, The great extinct marine Lizards (Zehthyosaurns) hud very 
large eyes, ‘fe I 105, oH Be: sclerotic plates So a even in 

proportion than 


Bite bn 

al 

ee) Qa 

spheroid, i ap eae a 

smaller at the 
Soe 


being imbedded at the junction, and sustaining the cornea. 


) COxY, PP. 1, 14; ee. tom, ill, p. 156, 
ze 
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Beetom wf the eye hall sf the 
Emit Bervowes. XXMTII. 


fig. 222, than in the Turtle. ‘The lacrymal glands aro two, fig. 242, 
a; the smaller (harderian) one is internal and inferior in. ; 
the larger is external, sopiiel to ce eyaall Ap aN seating 
its ducts to a deep fossa in the outer angle of the ‘These, 
fig. 225, are thick, opake, covered by polygonal poche 


the lower lid is largest, most moveable, and has fewest scale 
ou 


‘The duct of tho barderian gland opens “i 
near the line of reflection of the conjunctive 
and the secretion subscrves the movements of 
sides the four recti and babar rete, 
is a choanoid or retractor muscle divided into four 

Tn the Crocodile, the sclerotic in ses races are not 
membrane, fig. 226, 2, a, is of a 


allowing tho dark hue of the choroid 
cornea, ¢, is large and convex. oo ath 
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a blacker pigment than in other Reptiles, and the ciliary pliew are 
longer and more distinet, extending beyonil the origin of the frie. 
‘This is anteriorly of a pale yellow colour ; the pupil is vertical. 
‘The eye of the ee is =, peculiar for the massive and 
complex character of ita 68, fig. 226, to which the oye- 
ball itself, 2, u, t, bears bur, cal 2 
proportion. No other or higher 
animal offers such a strueture: it 
was one of the discoveries of 
Hunter, who left a drawing of it, 
which was engraved, and, with his 
Preparation, no. 1770, deseribed in 
xx. vol. iii In the copy of this 
drawing, fig. 226, the upper, ¢, and 
lower, 6, eyelids are severed at the 
outer us, and drawn apart to 
show the third or nictitant eyelid, A, 
and the extent of the conjunctiva. OF 
this membrane eis the free surface of 
the part which lincs the ordinary 
eyelids, whence it is reflected over  Axesterva! view ot ihe ose, erethts,maiteten, 
the nictitant lid at y, A, 4; and then i alate 
upon the cornea at the line marked ¢, upon the part of the 
cireumference next the outer canthus, The free margine of 
the upper and lower lids are marked ¢; they are devoid of cilia, ns 
in all Hamatocrya: h ia the free margin of the third lid. The 
glands sending their sccretion to the conjunctival space are the 
proper lacrymal and the harderian; the duct of the latter termi- 
nates on the inner surface of the base of the nictitant lid, at k. 
From the conjunctival chamber the secretion of both glands is 
conveyed by the two puncta lacrymalia, f, to the duct termin- 
ating in the nasal cavity. ‘Tho muscles are divisible into those of 
the eyelids and those of the eyeball. The nictitator, fig. 226, =, 
‘arises from the inner and upper part of the ball, proceeds outward 
and downward, winding round the optic nerve and choanoid muscle 
(which protects the nerve from the pressure of the nictitator in 
action), and is inserted into the inferior angle of the third lid. 
Whilst the muscle draws this outward over the eyeball, it at the 
same time rotates the ball inward beneath the third lid, being 
attached to movable points at both extremities. The upper eyelid 
has a levator muzele, m, chiefly inserted into the palpebral ossicle, 
but alzo sending a few fibres, , to he attached to the palpebral 
conjunctiva near its angle of reflection, The under lid has a 
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each of which dilates, at its origin, into an ‘ampulla,’ which has: 
some processes from its inner surface. ‘Ihe two canals 
communicate with the vestibule, where thoy cross each other: the 
a ere a erred oe 
before they spread over the rest af the labyrinth. ‘The acoustic 
communicates with the cranial cavity by two openings: the inferior 
and larger is oval and closed by membrane: the superior gives 
the acoustic nerve. 

In all other Fishes the membranous labyrinth, fig. 229, a, 0, 

consists of a vestibule, ib. a, and three semicircular canals, 0; the 


and crystalline in Osseous Fishes. The largest, fig. $1, 16”, is an 
eval or round flattened body, striated and indented at the margins ; 
convex, and sometimes (Ephippes), on one side, more or 
Jess excavated on the ‘The smaller otolite is less regular in 
__ ite shape: there are often two of these. Each semicircular canal 
| rises By: an ampulliform end, fig. 229, ¢, f, 9, from the ‘alvens 
communis,’ «, and communicates, by the opposite end, either with 
another canal, or with the vestibule separately, act emelrretoce de 
dilatation: two of the canals are subvertical in their course, and 


horizontal. ii 

ampulla from the line where the division of the acoustic nerve 
enters: a proportion of the nerve expands upon the sac of 
the otolites. Nanue fakes thie communicrtes with the vestibule 
by a narrow canal. All the parts of the labyrinth are of large 
size; yet the compartments of the otocrane which the semicircular 
canals, fig. 229, c.f, 9, traverse, ‘are much too wide for them, 
and they are supported in eh weees ie very fine cellular 
membrane.’* In the Pike (Esor lecius) a pyriform membranous 
sac, lodged in the commencement of the spinal canal, opens into 
(She ecoreabetent Apel degen alison 
Se ett Ackoc inch ie and peotionet tho ny iat 
but the otolites are represented by cretaceous particles; and in 
the Chimera the communication between the cranium and otocrane 
oe ‘The otolites are a hard chalky substance in 


a 
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the Lepidosiren, in which, as eile oe the 

whole labyrinth is buried in the thick basi- walls of the 

cranium. Tn Elegiostones hs Sepang eee 
size 





= £3°° 


i 
Hee HE 





processes 
attach themselves to tho fmsemnbratielclosiitheipartiGe ste 
crane containing the sac of the great otolite, 2 

Tn Osseous Fishes the sonorous vibrations of their liquid element 
is communicated by the medium of the solid parts of their body, 
and in some species, also, through the vibrations of the air in the 
sir-bladdex, to the liquid contents of thelabysinth, In the Plagio- 
stomous Fishes the resonance in the walls of their 
ytd tf n\chy incense) a ase 


branous lab 
orifices on 


delicate extremities of the acoustic nerve, in Ozseous 

their effect upon the suspended otolites : Sie be 

that the chet po portions of the nerve 

of the vestibule, which contain the otolites, ‘The large dan oe 

organ of hearing, and ially that of the hard also relate 

tothe medium through which the sonorous vibrations are propagate 
+ pxsti p. 1265, 
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encephalon 
volitions, and the simple series of ideas daily repeated in the 
monotonous existence of the scalod inhabitants of the wators, 


a cretaceous matter, which has 
Axolotl than in the Newts and 
_The external orifice of the acoustic capsule can 
asa‘ vestibular’ one, or ‘fenestra ovalis,’ and 
a cartilaginous plate representing the base of the 
stapes, with a elender oveicle in the Axolotl: but as yet 
there is no trace of tympanic cavity. The analogy of the ear to 
the eye, by the absence of the tympanic and conjuncti 
Pie’, Ss ee hee sprint a ele She 


fish-like Reptilia, 

‘The tympanic adjunct ‘dvceertseet of hearing makes its first 
appearance, simultaneously with the developement of eyelids and 
Incrymal organs, in the Batrachia which have quitted their aquatic 
for an aerial existence. Beyond the vestibular foramen is 
continued a short but wide passage outward, or ‘meatus,’ closed 
from the external air by a thin transparent vibratilo membrane— 
the ‘tympanum’ or ear-dram. From the gristly plate closing 
He veutibolac: fornzicn) s tltoder bony style'ts continued 'scross 
the epee athe vice cence 
eapitular or spatulate cartilage, in which a small musele is inserted. 
A wide vertical passage from the tympanic iptv 
Preserves the equilibrium between the air in that 

ontskle: it is called ‘eustachian tube.’ 

will be foand to bear relation to the size and exposed 

the eardrum, and perhaps, also, to its form, which 
and other air-breathing Ovipara, is convex externally. In a 
Pipa the bouy meatus is Jong and tubular in shape, the eustachian 
tubes terminate by « single median and minute orifice on the 
= the eardrum is concealed by a partial covering of skin. 
conspicuous externally in all Toads than in Frogs: a small 
Pepe cee crttncs costa with ths eardrum; and a 
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three semicircular canals, and otolithic sncculus containing a eemi- 
bar paid tmnt tans rip de oa st 
All ts have the internal similar 

fania 19 the abors: dhs in of Se open cadeg rae 


myle, fig. 97, 16, 
mentous fibres to the skin, which eho capa aati 


Tguana, the is partially pro position 
and by’ rising or fold of rep Aare: aie 
ference. It consists of the proper fibrons tizeue of the tympanic 
membrane, covered externally by a thin layer of epithelium, and 
internally by the lining membrane of the tympanic cavity. The 
communication between the membrana vestibuli and membewes 
tympani is by the stapodial disc, the columelliform oxsicle and the 
terminal or ‘malleal’ cartilage. The custachian canal ix reke 
tively narrower, and its course more oblique than in the | 
otolite is a lenticular calcareous body, firmer than in the F 

Tn the Chelonia the earedrum is again masked by: 
integument; in the Turtle (Chelone mydas) it is ore 
second scalo counting upward from ‘the articulation of 
jaw. The membrana tympani is, however, Sinietly foe 
thicker and more opake than in Batrachkia or » nnd con 
vex outwardly. ‘The long columelliform oesicle eee 92, Wi 
connected with it by a discoid cartilage, and, at the 
penetrates and closes the vestibular orifice by a 
plate. The tympanic cavity is divided into two parts by a beay 
septum, intercommunicating at the columollar canal: the inner 
‘or antevestibular part also communicates with cells an the mastail, 
‘The custachian canal is narrow, and descends behind the wt> 
culation of the mandibi palatal opening is more remote from 
that of the opposite car than in other Reptilia. ‘The 
eule of the labyrinth is cartilaginous: besides the | sca 
circular canals and the otolithic capsule, there now buds from the 
vestibule a beginning of « cochlea, with a corresponding amull 
opening into the tympanic cavity. 

‘These approximations to the higher structure of the internal 
ear are more conspicuous in Crocodilia, The cochlear process & 
conical, with the apex, fig. 230, a, slightly bent; its cavity ix 
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gh the eustachian faucinl opening, nage. 
a n, is single, median, and 
ons ap erapeeg It is situated a short way behind the pos- 
x ostril; and from it is continued a median, o, and two lnteral, 


these branches again bifureates, transversely, ane to the right, 
the other to the left, opening upon the floor of the tympanic cavity. 


* eexxn. 


| 








ELECTRIC ORGANS OF FISHES, 


are situated, fig. 233, 4. These membranes are about 
at thelt galer borders; but, as they pass from 
their inucr attachments, they approach one 


‘Vertical iraceverse peethon, Opmnctinn, natural plan COry. 


"They are intersected transversely hy more cere 
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Tumaboldt has given a lively narrative ofthe) moder eugene 


+ When the Neapolitan fishermen pull their nete te: 
to wnsh the captured fisher by dashing over them 
bbe armonget them it makes it p 
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notus are vertical; the direction of the 
before backwards: i. ¢. it is vertical to the planes of the plates in 





CHAPTER VY. 
DIGESTIVE SYSTEM OF HEMATOCRYA. 
$60. Dental Tigouct-— A tooth is a bard body attached to the 


matter containing earthy particles, a fluid, and a vascular pulp. 

Tn general, the earth is present in such quantity as to render 
the tooth harder than bone, in which case the animal basis is gela~ 
tinous, as in other hard parts where a great proportion of earth ix 
combined with animal matter. In a very fow instances, among the 
vertebrate animals, the hardening material exists in a much 
smaller proportion, and the animal basis is albuminous ; the teeth 
here agree, in both chemical and physical qualities, with horn. 

‘True teeth consist commonly of two or more tissues, character- 
ised by the proportions of their earthy and animal constituents, 
and by the size, form, and direction of the cavities in the animal 
basis which contain the earth, the fluid, or the vascular pulp. 

‘The tissue which forms the body of the tooth is called * dentine,” 
(dentinnm, Lat.; zahnbein, zahnsubstanz, Germ.; Civoire, Fr., 
8g. 235, d), 

‘The tissue which forms the outer crust of the tooth is called 
* cement” (carmentum, crusta petrosa, Lat., ib. e). 

‘The third tiseue, when present, is situated between the dentine 


czar mage either ‘blended with 
the animal matter of the interspares and parictes of the tubes, or 
i als ia Tha cave ‘The density 











colourless fluid, probably transuded ‘plasma’: they 
hot only to the mechanical conditions of the tooth, 
vitality and paiice: at Se, Sa Ths te as Sere 
canals enough to it capillary vessels wi 

pret particles of blood, and it has 
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vommartmattracat"s? ight. ‘The relative @ 


to the proportion of the earthy material, and chiefly o 
which is combined with tho animal matter in the 
cavities, ax compared with the size and number of 
themselves, In the complex grinders of the elephant, 
boar, and the capybara, the cement, which forms 
mass of the tooth, wears down sooner than the dentine, 
‘The ‘ enamel,’ fig. 236, ¢, is the hardest constituent of a tooy 
and, consequently, the hardest of animal tissues; but it const, 
like the other dental substances, of earthy matter 
organic forces in an animal matrix. Here, however, the earth ® 
mainly contained in the canals of the animal membrane; and, ® 
mammals and reptiles, completely fills those canals, which are com 
paratively wide, whilst their parictes are of extreme tenuity. The 


a 
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salts af the enamel are not only present in far greater 
proportion than in the other dental tissues; but, in some animals, 
are peculiarly distinguished by the presener of fluato of lime, 
Teeth vary in number, size, form, structure, modifications of 
tiseue, position, and mode of attach- 
ment, in different animals. They 237 
are principally adapted for seizing, 
tearing, dividing, pounding, or grind- 
ing the food; im some they are 
modified to serve as weapons of 
offence and defence; in others, as 
aids in locomotion, means of anchor- 
age, instruments for uprooting or 
cutting down trees, or for transport 
and working of building materials ; 
they are characteristic of age and — “test thot Prue, magn. ¥. 
sex; and im man they have sccondary relations subservient to 
beauty and to speech. 
‘Teeth are always most intimately related to the food and habits 
of the animal, and are therefore highly interesting to the physiol~ 
They form for the same reason most important guides to 
the naturalist in the classification of animals; and their value, as 
characters, is enhanced by the facility with which, from 


zoological 
their position, they can be examined in living or recent animals, 
‘The durability of their tissues renders them not less available to 


Magnitit pvtion of wear, Mrgatderinm; r vascentine, tenting, ¢ cement. Ti. 

the palwontologist in the determination of the nature and affini- 
ties of extinct species, of whose organisation they are often the 
sole remains discoverable in the deposits of former periods of the 


history. 
‘The simplest, modification of dentine is that in which capillary 
tracts of the primitive vascular pulp remain uncolcified, and per- 
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opera cryrenyesinet plarbeanet | of dentine 
and cement. the latter substance forming a thick outer layer, 


242, 0. 

In the teeth of the Cachalot (Physeter) the pulp-cavity of the 
tooth becomes filled up by osteodentine, the result of a 
calcification of thedentival 7elp when the tooth presents 

throe tissues, as shown in fig. 239, in which c is the thick external 

psa fie be hard dentine, and o the osteodentine; sometimes 
reteunter stalactitic-chaped nodules. 

‘Tn the teeth of the Sloth, and its great extinct congener, the 

eran pak sf Gn uobe mats cecte easy aap 

is up of a central body of 

“ase ning hyeshkerle coenySi 

the number of constituent tissues teeth become ‘complex® 

cia by the proportion and disposition, chiefly inflection, 
more or fewer of those tissues. 

ae fishos and the extinet ‘Labyrinthodont’ reptiles ex- 

this complexity in a remarkable degree. In fig. 243, the 

tooth of the Labyrinthodon salamandroides focbly indicates its 

singular structure by the longitudinal stria- But every streak is 
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a fissure, into which a thin outer layer prince ene 
reflected into the body of the tooth, following sets 


‘inflected converging 
folds of dentine ix about fifty at the 


middle of the crown of the toot 
Danse. 


ones 


they approach their ter- 

mination towards the upper part of the tooth, they also gradually 
diminish in breadth, and consequently penotrate to a loss distance 
into the substance of the tooth. Hence, in such a section an is 
adclineated, fig. 244, it will be observed that some of the eonvir 
Inted folds, as those marked ¢, extend near to the centre of the 
tooth; others, as those marked e’, beraftg dam ys 
the centre; and those folds, &”, ‘which,\to uses 
pression, are ‘cropping out,’ penetrate to = Say lene 
into the dentine, and resemble, in their extent and simplicity, the 
converging folds of coment in the fangs of the tooth of the 
peeeareencrax and Lepldcetens, 

ition of tho dentine i still more complicated than 
rane of the cement. It consists of a slender, central, 
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wards, from its circumference, a series of vertical plates, which 
divide into two once or twice before they terminate at the 
periphery of the tooth, 
ea ‘of these diverging and dichotomising plates gives aff 
throughout its course smuller processes, which stand at right 


they are generally oppo- 
site, but sometimes alternate; many of the secondary plates or 
processes, whieh are given off near the centre of the tooth, also 
divide into two before they terminate; and their contow 

in the transverse section, to partake 
folds of cement which invest and divide the dentinal plates and 
processes from each other. 

‘The dental pulp-cavity is reduced to a mere line about the 
upper third of the tooth, but throughout its whole extent fissures 
radiate from it, corresponding in number with the radiating plates 
of dentine. Each fissure is continued along the middle of each 
plate, dividing where this divides, and extending along the middle 
of each bifurcation and process to within a short distance of the 
line of cement. The pulp-fissure commonly dilates into a canal 











Rash ta tatgrteten, mere an} ote et G9 S45, of 


the 
A portion of the transverse section, a, fig, 245, magnified, 
fig. 246, shows the fissures diverging fram the pulp-eayity, p, and 
its reticulate extensions, and sending small branches into the den 
tinal lamella. 
‘These lateral offsets subdivide into a few short ramificatieas 


brinches on each side of the main raya 


FDP 195217, pl Oke, Com, 
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In these, however, the papilla or pulp is 
skin, in teeth from the mucous membrane. 
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instances, as with certain dermal appendages, the reproduetion 
the tooth is uninterrupted, or continuous. A tooth, when fully | 
formed, is subject to decay, but has no inherent power 
roparation. 





Porsion of tranererve yection of tooth ot a Dendrwns, rome. ¥. 


‘Thus teeth are analogous to epidermal and horny parts in thee 
mode of developement, in their shedding and reproduction, a 
in their exposure to outward influences; but the antlers of det 
are similarly exposed, and are likewise shed and renewed, yt 
like the teeth and horn-cores of the ox, they are classed Wi 
the osseous tisaves, 

§ 70. Teeth of Fishes.—~ Tn this class of Vertebrates the teeth 
whether we study them in regard to their number, form, subetsi 
structure, situation, or mode of attachment, offer a greater sit 
more striking series of varicties than do'thase of any other dit 
of Animals. 

As to number, they range from zero to countless quantitiee 
The Lancelet, the Ammocete, the Sturgeon, fi. 125, a2, a1, i 
Paddle-fish, and the whole order of Lophobranchii, are edentalet 
The Myxinoide, fig, 248, have a single pointed tooth, @, oa the 
roof of the mouth, and two serrated dental plates, 6, on de 
tongue. The Tench has a single grinding-tooth on the sedpal 


TRETH OF FISHES. 309 


opposed to two dentigerous al jaws, d, d, 
the Lepidosiren a single ee 0 plate, 
to a single mandibular one, 4, and there are 
Tn the extinct Sharks 
ernshing teeth, called Ceratodus and Ctenodus, the jaws were 
with four teeth, two above and ur 
two below.! In the Chimere two 
to four 


fot lent aa 
gressively multiplied until, in 
Piko, the Siluroids, fig. 252, and many 
other fishes, the mouth becomes 
crowded with innumerable teeth, 
With respect to form, I may pre- 
mise that as organised beings with- 
draw themselves more and more, in | 
their ascent in the scale of life, from 
the influence of common physical 
agents, piers ere 
deviate iqures: it 
is only, eed the lowest: ver- 
tebrated class that we find tecth in the ‘damit ae, 
form of perfect cubes, and of prisms inne ‘ 
or plates with three sides (Myletes), four sides ( Scarus), five, or six 
sides (Myliobates, fig. 249). The cone is the most common form in 
Fishes: such teeth may be slender, sharp~ us 
pointed, and so minute, numerous, and closely 
|, ux to resemble the plush or pile 
of velvet; these are called ‘ yilliform teeth’ 
(dentes villiformes, dents en velours®); all the 
teeth of the Perch are of this kind: when the 
teeth are equally fine and numerous, but 
longer, are called * ciliiform’ (dentes € 
fer despre when the teeth are similar to, but team eratyxinn anc 
stronger than these, they are called ‘ setiform * (dentes seti- 
formes, dents en brosse): conical tecth, as close set and sharp 
pointed as the yilliform teeth, but of larger size, are called * rasp- 
teeth * (dentes raduliformes, dents en rape or en cardes, fig. 252) ; 
the Pike such tecth on the back part of the yomer: the 
teeth of the Sheat-fish (Sifurus glanis) present all the gradations 
+. pl aa. Fy. pl. 28, 
* The French terms are thoe used by Cuvier in xn). purssiza, 
VOL. Ty BB 





may be bent upon itself, like a tenterhook, as in the fishes thence 
called Goniodonta.* In the Bonito may be perceived a progressive 
of the base of 

an ical teeth: and this 


li 


ag 


n of the wolf-fish, and in similar grind 
and crashing teeth in other gesers, 
becher feeders on sea-weeds or om erusta 


may be convex, aa in the Sheep'ehest 

Tenet teanives, MI GA (Sargua); or flattened, ax in the 

pharyngeal tecth of the Wrase (Labras, fig. 254}. Sometimes 

tho hemispheric teeth are 2o numerous, and spread over so broad a 
* Xela, a bristle; Mobs, a tooth, * Perla. an angle; stoke, = ton 
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posterior apertures of the mouth pre 


vided with instruments for seizi 
minuting the food, the 
the pharynx. In most 


Puen" alco in the intermediate parts 


illary dibular, 0 ng 
“ta and lower pharyngeals; both the anterior ant 
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Saw-fich (Priatis, fig. 65). Tn the Lampreys, fig. 138, and 
in Helostomua (an osseous fish), most of the teeth are attached to 
the lips. Lastly, it is peculiar to the class Pisees, amongst Verte~ 
rates, to offer examples 
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fishes they are anchy- 
hosed. jee 
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anchylosed to the alveolar border of the 


ete of the joe of the Ferree fa, owing See premotor 


jaw; and the teeth oppose cach other by their sides instead 
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of their summits (Scarus, fig. 259); im Pimelodus, however, 
attached, 


where the teeth aro thus 
in the upper teeth, and bent up in the 


Trthaa of the Jaw of Leyiban plecaterion stern Rie Se 
Wenlows allacheiret of Laterta. 


‘Teeth ot ie Winsan (Crewiabene 7 


ipper 
the corresponding sidos of the bono, the base of 
on a conformable alveolar process, The ligaments 
the tooth to be bent outward beyond the vertical 


yield to pressure in the contrary direction, by which the point of 
the tooth may be directed towards the back of the 

the instant, however, that the pressure is 

returns through the elasticity of the bent ligaments, as by 
action of a epring, into its usual erect position, 6; the deglutition 
of the prey of this voracious fish is thus facilitated, and its escape 








teeth of the Sphyrana are examples of the im- 

| one nbsp plier pede waanatpale tag 
of the fully-formed tooth with the alveolar parietes; and the 
compressed rostral teeth of the Saw-fith, fig. 65, are deeply 
implanted in sockets. In the latter the hind of their base 
is and a ling ridge from the part of the 
fits into the groove, and gives additional fixation to the 
tooth. Some implanted teeth in the present class have their 
hollow base further supported, like the claws of the feline tribe, 
‘upon a bony process arising from the base of the socket; the in- 
an example of this double or 
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mt. The superincumbent pressure is exclusively 


developement. 
sustained by the border of the alveolus, whence it is transferred to 
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dentine ; 
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consists of @ peculiar brown and semitransparent tissue, hardened 


& WE 
Hh 


fig. 241), a base, or body of osteo-dentine, is 
Lp ay ean Ripe ST ep 


Priowodon this hard tissue predominates, In the 


teeth, fig. 262, thus composed of cement, ¢, enamel, cy 
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summit and periphery have been converted into 
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stance is added 
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In many 
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‘The polypes and their cells aro reduced to a pulp by the action of 


convex from side to side, and playing in a corresponding 

concavity upon the base of the ekull ; the inferior bounrlary of the 

Ke aI de a ee ad broadest; it is convex in the 
F direction, and flat from side to side. On this 

peak the tecth are implanted, and in most species they form 

two rows: the outer one consisting of very small, the i inner one 


with the 

cals, 

Wise aupeen oteean ules de een ae 

is occupied exclusively by the larger wedge-shaped teeth, sot 

Yertically in the bone, and arranged transyersely in alternate and 
pretty close-set series, 

‘The dental plates are developed in wide and deep cavities in 
the substance of the posterior part of the lower, and of the ante- 
rior part of the upper pharyngeal bones. The teeth exhibit 
progressive stages of formation as they approach those in use ; and, 
as their formation advances to completion they soldered 
together by ossification of their respective capsules into one com- 
ese grape ae ey re immu 
dentinal pulp to the pharyngeal tse] 

Tn the dentine of the pharyngeal teeth of the Scarus the 
dentinal tubes average a diameter of zy4;5 of an inch, and are 
soparated by interspaces equal to twice their own diameter. The 
course of these tubes is shown in fig. 262, d, in which they are 
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exposed by a vertical section through the midile of 
the arth denticles. Each tube is mim 
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off many fine Iateral branches into the clear unit 


if 
Be 


stance, and finally terminates in a series of mim ; 
inesculating loops at the line of junction with the ensse, 
‘This substance, fig. 262, ¢ is as thick as the dentine, snl 


: 
i 


ae 
consists of a eimilar combination of tubes 
connecting substance. The tubes may be described 
mencing the peripheral surface of the tooth to 


203 
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34 


‘Tyo of the upper sharrapral treeh (Soret, ANE Ty 


stand at right angles, and, having proceeded parudllel to each othe 
halfway towards the dentine, they then begin to divide and a> 
divide, the branches crossing each other obliquely, and 
terminating in the cellular boundary between the Bak 
dentine. ‘ 

In the progress of attrition, the thin coat of cement me 
from the ossification of the capsule is first removed from 

of the tooth, then the enamel constituting thet apex, next ihe 
dontine, and, finally, the coarse central cellular bone, supporting — 
the hollow tooth: and thus is produced a triturating surface ef 
four substances of different degrees of density. 
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being the hardest clement, appears in the form of elliptical trans- 
verse ridges, inclosing the dentine and central bone: and external 
to the enamel is the cement, c, which binds together the diffrent 
denticles. 

‘There is a close analogy between the dental mass of tho Searns 
and the complicated grinders of the Elephant, both in form, 
structure, and in the reproduction of the component denticles in 
horizontal succession. But in the fish the complexity of the 
triturating surface ix greater than in the mammal, since, from the 
mode in which the wedge-shaped denticles of the Scarus are 
cae end anchylosed to, the processes of the supporting 

enters into the formation of the masticatory 
par is corny yy eee mae 

‘The proof of the efficacy of the complex masticatory apparatus 
above described is afforded by the contents of the Rieectasy 
canal of the Scari. The intestines are usually laden with a chalky 
pulp, to which the coral dwellings have been reduced. 

Dexelopement.— Az might be supposed, by the above-defined 
aang acai organisation in the teeth of 
Fishes, and the passage from non-vascular dentine to vascular 
dentine in the samo tooth, the developement of dentine by centri- 
petal metamorphosis and calcification of the pulp was determined 
by observations made on the developement of the teeth in the 
Present class.! 

Te is interesting to observe in it the process arrested at each of 
the well-marked stages through which the developement of a 
Mammalian tooth passes, In all Fishes the first step is the simple 

ion of a soft vascular perils ves ta Bee surface of the 
buccal membrane: in Sharks and Rays these papillw, fig. 382, ¢, 
do not proceed to sink into the substance of the gum, but are 
covered by caps of an opposite free fold of the buccal membrane: 
these caps do not contract any organic connection with the papilli- 
form matrix, but, as this is converted into dental tissue, hs 4, He 
tooth is gradually withdrawa from the extraneous Protecting cay 
to take its place and assume the erect position on the margin oe 
the jaw, fig. 263, a, Here, therefore, is Tepresented the first and 
transitory ‘papillary’ stage of dental developement in Mauumals : 
= the simple crescentic cartilaginous maxillary plate, d, with 

groove behind containing the germinal papillm of the 

ik Shark a magnified representation of the earliest 
condition of the jaws and teeth in the human embryo. 

Tn many Fiehes, & g. Lophius, Bsox, the dental papillw become 
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In the formidable Barracuda (Sphyrana) the loss or beget 
the Iancet-shaped tooth, in the conflict with a struggling prey, 
repaired by ean succession of new pulps and teeth 
‘The existence of these is indicated by the foramina, which a 
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tostl ising from the mistatas SO 


phalanx. -— 
‘This endleza succession and decadence of the teeth, together 
with the vast numbers in which they often coexist in the am 





San) ee Re 
Fish, illustrate tho law of Vegetative or Irrelative Repetition! a 
it manifests itself on the first introduction of new organs in the 
Animal Kingdom, under which light we must view tho above- 
described organised and calcified instruments of 


that class with the Reptiles, stands the very remarkable genus, 
the dental system of which is figured in eut 251. ji 

of two small, slender, conical, sharp-pointed, and 
teeth, which project downward from the " 
strong trenchant dental plates, anchylosed with 
of the upper, , and lower, 6, jaws, in each of 
is divided at the middle, or symphysial line, so as to 
distinet lateral teeth. The office of the two laniariform 
to pierce and retain the nutritive substanee or 
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* Bs pL 6s cox vol. iv. figs. 209, 210, 
* coum p 102. . 
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marginal dentations with ridges: this tooth, fig. 273, 
reeset tha om pees poyore ead 
class of Reptiles. 
oop eptile see the Rie ace ae a 
Attachment.— As a general 


275. ‘The base of the tooth is anchyloed 
ph anal ree ee 
the and Cavcilio, 


among: 
imbedded in a ehallow socket, and ix confluent 

In the Scincoids, the 
the Chameleons and many 
Josed by an oblique surface 
upon the outer side of the crown to an external alveolar plato of 
bone, the inner alveolar not being developed. In the Frogs 
the tecth are similarly but less firmly attached to an exterml 
parapet of bone. The Lizards which have their teoth thus 
attacked to tho ile of the Sen ae Pleurodonts.” Ino 
few Iguanians, as the Istiures and 
cldered tothe ‘miargiaw’ of bo Jere jai Saleen 
Lacertians, e.g. the Mosasaur and Leiodon, each 
wp ls of the alee orders thse Saati a 

termed ‘ Acrodonta.’ 

Such modifications of the attachment of the teeth of Reptiles 
are adapted to the habits and food of the species; and th 
offer an analogy to some of the 


the human embryo an internal alveolar 
pulps of the tecth sink into a deep 
which traces of transverse partitions soon 
1. pl 13, 8g. % =i 
+ Evie fen pe 6 Aged RDO 





TEETH OF REPTILES. 389, 


amee; in the ancient Ichthyosaur the relation of the jaws to 
the teeth never advanced beyond this stage. Finally, the dental 

is divided by complete purtitions, and a separate socket is 
formed for each tooth; and this stage of developement is attained 
iw the highost-organised Reptiles, e. g. the Crocodiles, figs. 95, 
275. 

Substance-— This may be four-fold, and a single tooth may be 
composed of dentine, cement, enamel, and bone: but the dentine 
and cement are present in the teeth of all les. 

In the Batrachians and Ophidians a thin layer of cement 
invests the central body of dentinc, and, as usual, follows any 
inflections or sinuosities that may characterise ite surface. Be- 
sides the outer coat of cement, which is thickest at the base, a 
generally thin cont of enamel defends the crown of the tooth in 
most Saurians, and the Iast remains of the pulp iire not unfro~ 
quently converted into a coarse bone, both in the teeth which 
are anchylosed to the jaw, and in some tecth, as those of the 
Tchthyozaur, which remain free. The modification called ‘ vnso~ 
dentine” is peculiar in the present class to the teeth of the 

1 


Structure.— The varicties of dental structure are few in the 
Reptiles as compared with Fishes or Mammals, and its most com- 
plicated condition arises from interblending of the dentinal and 
other substances rather than from modifications of the tissues 
themselves, In the teeth of most Reptiles the intimate structure 
of the dentine is of the hard or unvascular kind, presenting only 
plasmatic or dentinal tubes, diverging from the pulp cavity, at 
ight angles to the external surface of the tooth. Such dentine 
may be folded inwardly upon itself, s0 a8 to produce a deep longi- 
Pe a tartar ca esis ef the ocr a tee peo ee 
the bottom of such a longitudinal deep fold that forms the central 
canal of the venom-fang of the Serpent: but its’structure remains 
unaltered; and although the pulp-eavity, fig. 270, p, ix reduced 
to the form of a crescentic fissure, the dentinal tubes continue to 
radiate from it according to the usual law. By a similar inflection 
‘of many vertical longitudinal folds of the cement and external 


radiated of the pulp-cavity and dentine into the inter 
spaces of such inflected and converging folds, a modification of 
dental structure is established in certain extinct Reptiles, which, 


‘ph 71, Igunnodon, 
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the teeth are shallower than in the upper jaw; the outer wall is 
‘more developed than the inner, and the anchylosed bases of the 
teeth more nearly resemble, in their oblique position, those of 


mouth of the snake in the act of deglutition; but, 
lowing to the almost edentulous state of the jaws, the egg glides 
y ing unbroken; and it ix not mntil it has 


the seven or eight vertebre, 
‘extremities of which are capped by a layer of hand cement, 
the dorsal parictcs of 





and Pythons, fig. 266, the teeth are elender, conical, 
rd and inward above their base of attachment. The 
bone in nee 22, is edentulous; in most it 


4 The Colaber scaber of Linnmas 5 a2 arboreal serpent of South Alrica. 
© Joupdam, in coats, t vip. 160, 
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7 ones, which gradually decrease in size ax they are placed 
There are teeth of similar size i 
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ii wall. 
The palatine teeth, ib. 30, are as large as the rand 
are simil  atiasbed The 


similar], 
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poisonous serpents, in the typical genera 


na 


maxillar; 
a 


Hie 
i 


short 


i 


S 


Hi 
a 
Hf 

i 
aif 
iH 


nih 
Hell 


smaller number in the 











i oN AE 


Fenn: 

FP LTE. itil é 
A bain 
H if iit 


the Hydrophis the groove remains permanently open, as in fig. 
‘From the position of the poison-caval it follows that the 


268, c. 
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Home are formed almost entirely by the enamel. The remains 
dentinal pulp are converted into a coarse bone in the com- 
formed tooth. 


odlon. 
have a simple more or loss 


‘Neutely conical form, with a long and, usually, expanded or 


+ Becklaad, Bridgewater Treatise, vol. i p. 297. 





passes into a groove in the 
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in fig. 275, and forms for i 
recess: at the same time it wicks 





7i23 
ai 









ns process on the other, 


u 


a 
gil 
ith 





‘Secchi of Dower Je, wish Beceem a Sth Ue ac 
Adige. 7: 


a 

& 
i 
ty 


cavity having been thus orercdme, the growing 
matrix recede from the temporary alveolar depression, 


into the substance of the pulp contained in the cavity of the 
fally formed tooth. As thenew tooth, ib. c, grows, the pulp of the 
old one is remaved; the old tooth itself is next attacked, ap, 
the crown being undermined by the absorption of the inner su~ 
face of ite base, may be broken off by a slight external fore, 


when the point of the new tooth is exposed. The frail 
of the old tooth are sometimes lifted 

crown of the new one, as in fig. 275, 
removed by the action of the jaws. 

No sooner has the young tooth penetrated the interior of 
old one than another germ begins to be developed from the 
between the base of the young tooth and the inner. 
process, or in the same relative position as that in whieh ite 
immediate predecessor began to rise, and the processes of succes 
sion and displacement are carried on, unin! re 
the long life of these cold-blooded carnivorous 

From the period of exclusion from the teeth of the 
Crocodile succeed each other in the vertical 3 pone are 
added from behind forward, like the true molars in Miurmalia, 
It follows, therefore, that the number of the teeth of the Cree 
dile iz as great when it first sees the light as when it has acquired 
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sentatives of these be present, they are calcified and the tongue it 
beset with teeth It, then, seizes aud passes the food om to the 





of nerves which indicates some selective amiga 
is ‘he Cryin he ate © cubimel ah © ti rad 
vascular substance, 


property:' if any part of this be ina live the 
rises immediately into a cone, w sioclysuletnay te posse 
tissue is richly supplied by branches of the ‘ 
nerves: it may assist in the requisite movements of the ¥ 

food, as well as adi to it an animalising and solvent mmeus, while 
it is undergoing mastication by the pharyngeal teeth, In the 
Gymnotus there are four series of branche fleshy processes in the 
mouth, one upon the dorsum of the tongue, a second 

from the palate, and one along each side of the mouth, 


‘The only representatives of a salivary «ystem in ‘are the 
east follicles that communicate with iar the moth? Muschi et 


Tie chia vesmalar Gay, Eucovored by Retaian (exmr) etwoen de bas 
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Reet ee Daeeeny ye a pair of membranous pouches, 
haere ite; eecxetoa! exch by’ #\smell orifice Gelaw the 


Thar sce nebo ane elon plein Faken; the folds 


pao encrageel , and the to the gullet is si 
eminent Titi Tasidesoen si Setar Readded 


The canal is usually short, simple, but in 
Fishes ; in a few instances, e.g. Branchiostoma (fig. 169, ph, as), 
: ‘it extends in almost a 


|portion the constriction called ‘ pylorus,’ fig. 281, c. The gastric 
[Foction subarea into § cesey need weal Hoamaali 
|steueture of the lining membrane than by pec ieeman on: 


‘the intestinal pee eordivnled into 3 ‘small’ and a ‘large 
sales a . answering to the ‘intestinum 
















between 

the asophagus in the ply Numerous pyramidal 

eee a or fringed at their extremity, project 
1 PERSis tals cE tae ceophgus ft the Dog Mabe Cope 
ee naan Sharks Si. 278, 0. In tho great Basking 
et) te homologous processes near the cardia acquire 
ee dividing and subdividing as they extend inwards, 
so that the cardiac opening is surrounded by ramified tufts directed 
the stomach.* This valvular mechanism, fig. 278, 6, would 
tthe return of such fishes or mollusks as may have been 
Tralorl veo united by the small obtuse teeth of this 
Tn many Osscous Fishes we may, finally, notice 
este of is" ducus proumanias with the cso- 












a8 ANATOMY OF VERTEBRATES, — 
the forepart of the cortege iy kfm mele Sr 


saul 
Caaplipetscr nes forms of the stomach in Fishes, vit. 
the ‘siphonal' and the ‘caeal.’ In the first it presents the formof 
a bent tube or canal, as in the Turbot, fig. 287, a, b, Flounder, 
Sole, Cod, Haddock, Salmon, fig. 286, PIR te Ide, Lemp 
fish, File-fish, Lepidosteus, Sturgeon, Paddlesfish, and most Plagio- 





"inant Asi a 
stomes, fig. 278: in the second form the cardi division af he 
stomach terminates in a blind anc, and the short 
continued from its right side, as in the Perch, 
Gurnards, the Bull-heads, the Smelts, the 






Conger, the Murena, and the Polypterus, fig. 2 
tional form, in which the pyloric end is bent 








ee 


ALIMENTARY CANAL OF FISHES. a7 


sae, fig. 280, In the siphonal stomach of the 
Cyprinide and Balistide the pylorus is little if at 
all discernible, and the transition into intestine is 
gradual. In the Salmon the intestine is indicated 
by the pyloric appendages, fig. 286, c: in the 
Sharks there is a true pylorus, and in Selache, fig. 
278, an interposed pouch. Where the eweal cha- 
racter of the stomach is well marked, the length of 


the Polypterus, fiy. 279, e, Conger, and Sword- ‘momen and ea 
re fig. 282, it forms almost the whole of tho “** "”7™ 

stomach, the short pyloric portion, fig. 279, f, being 
satael from near its commencement : in the equally elongated 
stomach of the Pike, the pyloric portion is continued from the 


‘The pyloric portion ix usually slender, fig. 278, ¢, or conical, figs. 
285, 387; but it dilates into a wide sac in Sargus and Lophius ; 
and farms a emall oval pouch in Trachypterus, 

Tn certain Fiehos the stomach deviates from the typical forms 
either into the extreme of simplicity or the 
converse, without, however, attaining in any 


the alimentary canal cannot be said to exist in 

the Lancelet: the long cmcum, Se 16 169, hid, 2, stowach «xd vercroan, 

continued from it just beyond the cardia, em 

appears to be a simple form of liver. In the higher Dermopteri, 
the Send-prides, the nes and the Lampreys, as also 

and iren, th is continued 

fro the esophagus tothe lntestine T have found the eapa- 

cious cardiac division of the stomach of the Lophius partially 

divided into two sacs; the unusually wide and short pyloric 

sac: there may also be observed a few 
h Ex 
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_ The intestinal canal is shorter in Fishes generally than in the 
peoiess :. Ponies nag aah Lepidosiren,! th: 
Fiying-fish, the Loach, the Garpike, the Wolf-fish, the Salmo, 

eo 


the Herring, fig. 281, and the apodal fishes, it is shorter than tht 
body itself: Pagan the shove-cited ‘intestiny 


winds schghs bao Seea a ehaoeieie aaa 
aett in most fishes it presents two or three folds; ‘the Sun-fb 


fish, in the Chutodonts, and the Carp-tribe, that the imtestinl 
canal attains its greatest length in the present class 
Wak Sisal emenuea crea 
Dermopteri and the Lepidosiren are 


of the canal: it receives the ducte of 
the liver and | 


i al mr 
re ee rae ae the Meee ee rn 
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eee Cae there is a small cweal process at 

he snmsenomnan ror the) large intestines there are two short 
exea at the same part in Bor Salpa.' The large intestine is 
usually short and straight in Fishes, answering to the rectum 
of higher annals, fig. 282, f.. In some Fishes, e. g., Salmo, 
Clupea, Esoz, Anableps, Anarrhichas, and the Gymnodonts, it 
preserves the same diameter as the small intestine, and the 
term ‘large’ becomes arbitrary: in Gasterosteune, Centriscus, Ostra- 
sets Balistes, and Syngnathus, it is even narrower than the 


alae 
‘The tunics of the intestinal canal consist in Fishes, as in other 


Vertebrates, of the peritoneal or serous, the muscular, and the 
mucous conts, with their intervening cellular connecting layers, 
and the epithelial lining; the muscular and mucous coats are 
commonly thicker and of a coarser character than in the warm- 
blooded classes; pigmental cells are not unfrequently developed 
in the serous cout; the epithelial scales of the intestine of the 
Lancelet support vibratile cilia. 

‘The muscular fibres are arranged in a thin outer longitudinal and 
a thick inner circular stratum (Sturgeon); the elementary fibres 
in general present the «mooth character of those of the involun- 

tary system; but Roichert® has detected the traneversely striated 
i Bickle; aplasia repebel of the whole tract of the intestine 
in the Tench. . 

‘The mucous membrane presents numerous modifications, some 
of them more complex and remarkable than in any of the higher 
Vertebrates. Tt is commonly thick and glindular, and always 
highly vascular. In the small intestines it presents, in some 
Fishes (Cod),‘ a smooth and even surfaces; in some it is 
produced into obliquely longitudinal or wavy folda;" in the 
Herring it presents feeble transverse ragw; in many Fishes it ix 
reticulate, as in the Wolf-fish® and Murena;’ this character is 
present in the peculiarly thick and parenchymatoid mucous tunic 
of the small intestine of the Sturgeon, where the larger meshes 
include irregular spaces, subdivided into smaller cells.* In a few 
Fishes the mucous membrane is coarsely villose or papilloee. In 
‘xxx. f.¥b pp. 624, 270. "xx. vol. i. p. 200, preps. now. 637, 639. * xor, p. 26. 


pp Ss Soka * Tb, Turbot, prop. ao, 634, Salmon, prep, 10. 639. 
* Th prep. Be, 630. * Th prep. 10, 631. * Th. prop. no, 638. 
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the mucous membrane is minutely honeyeombed: a 
few scattered fibres of elastic or involuntary muzcular tissue may 


the corresponding veins of the longi- 
tudinally convoluted valve, run along 
its free thickened border, and the 





‘Fereely spiral valve are external to the gut. 
- One may connect the peculiarity of the spiral valve with the 
necessity for reducing the mass and weight of the abdominal 
‘contents in the active high-swimming Sharks, which have no 
ewimn-bladder: the essential part of an intestine being its secern- 
ing and absorbing curface, we sce in them the requisite extent of 
‘the yasculo-mucous membrane packed in the smallest compass, and 
associated with the least. possible quantity of accessory muscular 
and serous tunics, by the modifications above described. Analogous 


t which the above phy cal explanation will not apply; and 
the spiral valve is associated with the air-bladder in some of the 
highly organized Ganoids, and in the Lopidesiren. Nevertheless, 

* ahve & ie p S14; & xovi. p. 277, pl 2 and 3. See also, xx. prep. no 6454 


probably from Seolinion, 
* Duvermoy, xovini. p. 274, pl. 10. 








and in the Bonito, the Tunny, and other Scombrida, 
file is sometimes conveyed to the 
- ic duets, ib. d,d, and thence by a 
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§ 75. ee aoe cavity containing, as 
in Fishes, the alimentary 
canal, withthe kidneysand 


most the whole cavity is 
lined by the peritoncum, 
which is refleoted upon the 
several viecera, In the 
tranaverse section of the 
cavity, fig. 203, the thiek 
line diagrammatically 
shows the peritoneum ro- 
flected from the vertebral 
centrum upon the aortal 
and caval trunks, &, the 
spleen, 4, and stomach, a, 
whence it is continued to 
form the omental fold, ¢, ¢: 
from the ventral surface 
the peritoneum is reflected 
at one small partupon the 
remains of the umbilical 
vein, forming the so-called 
*faleiform, g, and ‘round,’ 
deliganents the Ler. may nen mri 
toneum does not extend forward beyond the stomach and liver, 
hut is reflected upon the posterior (sacral) surface 295 

of both organs,’ circumscribing a smaller ‘ abdo- 
pet cavity, and including fewer viscera, than in 
Maromals, 


In female Reptiles, the serous membrane of 
the abdomen is continuous with the mucous mem- | 
brane of the oviducts; the subhexagonal or poly- 
gonal flattened cells of its epithelium giving place 
to the ciliated epithelial cells at the margin of the 
ovidueal aperture. In both male and female Nie 
Chelowia, the peritoneum is continued, a8 an ine Tense ot 
fundibular canal, into the ‘corpus cavernosum’ sae oa 








* coxxxrt ol il, p 336. 
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ALIMESTABY CANAL OF REPTILES. $35 
lining membrane rotains the ciliated epithelium in most Batrachin. 


the 

‘The ciliary movement ‘is remarkably vivid in the mouth of the 
Serpent; and in the Tortoise it endures for several days after death, 
not ceasing till the parts are destroyed by putrefaction”' Fig. 
295 gives a magnified view of some of the ordinary nucleated 
epithelial scales, a, 2, ¢, and of some ciliated scales, d, ¢, f, 9, 
from the mouth of the Frog. 

‘The tongue, as an organ of taste in 295 
Roptiles, has been noticed, p. 327. In h 
Newts it is usually small, as at 4, fig. = 
294. In most tailless Batrachians it is 
large: attached to the floorof the mouth, 
a little behind the symphysis of the 
mandible, with ite free border directed 
backward? This part can be raised 
and thrown out of the mouth by a 
rotatory movement, as on a hinge, with 
rtain elongation, equaling in some t r 
two thirds or more of the length 
ody. A. glutinous saliva is svaeated and esintod epithelial erates 
‘over the surface: both the pro~ ome tee 
and retractile movements are exccuted with extreme 
insect. is seized and swallowed more 
can follow, when the Batrachian has 
within the distance at which the tongue can 
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ell being mised and the mandible depressed, the gento- 
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lengthened by the action of transverse 
its substance: the return movements are due to the 
acting from the hyoid arch, while this is at the same 
and retracted. In most Frogs the back part of 
bifurcate, fig. 350, a, or bilobed (Polypedates): im 
coxxxwiit. vol. i p. 631. 


‘Heteroglossus tho tongue is attached by a central pedicle. 
yee 
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ALIMENTARY CANAL OF REPTILES, a 


ophio-morphous kinds of the latter. The transition from the 
gullet to the stomach is searecly indicated externally, On the 
inner surface it is shown, in the Python, by the more vascular 
and rugous character of the longitudinal folds continued into it 
from the csophagus, the interspaces of the folds being reticulate, 
‘The stomach, which ia straight, as in the Rattlesnake, fig, 300, 9, 


contracts at first gradually, then quickly, to the 
pylorus, whence a narrow canal, of about an inch 
in length in a Python of ten feet long,' conducts 
to the suddenly expanded intestine. In the 
Proteus, Siren, and Amphiuma the stomuch is 
Jong, cylindrical, and nearly straight; there is 
ho intervening canal betweon pylorus and in- 
testine. The stomach is distinguished from the 
esophagus by the thickness of its coats, and by 
the spongy and vascular character of the lining 
membrane. In the Siren and Triton, fig. 294, 
the pyloric end bends « little to the right; this 
bend is more marked in Salamandra. In the 
Frog, the stomach, fig. 305, a, ¢, is pyriform, 
placed on the left side of the abdomen, with a 
slight curve to the right side, In the Lizard the 
stomach, fig. 301, a, is fusiform, with similar 
position: but, in curving to the right, it ad- 
vances from behind forward. In the Flying 
Lizard (Draco volans), fig. 303, f, and the 
Tguana, the stomach is rather pyriform, but the 
shape varies with the state of the contents. 

In the Chelonia the stomach so far accords 
with the broad and flattened form of trunk that 
it ix placed more transversely, bending as it pusses 
from the left to the right side. In fig. 302 the 
gradual Passage from the awophagus, 7, to the 
stomach, x, is shown in the fresh-water Tortoise, 
Bmys europea, in which the stomach is eylin- 
drical and clongated, curving behind, and in a 
deep groove of the left lobe of the liver, 1, to 
the right, where the pyloric portion of the 
stomach, x’, becomes narrower and thicker in its 


100 


‘Viscora, fore part of 
the abdomen, 4 the 
“Waitennaks. Cob, 


coats. The muscular fibres of the layer radiate from an 
aponeurotic part on each side, at the chief bend, ‘The mucous 


* xx. nol fp 143, no, 504 A. 














ALIMENTARY CANAL OF REPTILES. 4s 
fimbriate. Ina Tortoise ( Testudo indica) the inner surface of the 


fm keene imdricnta and Chee Ades the peincipal rage have a 
em satellehis sivas disposition. In tho Crocodile the Hatng 


re ease as eas oun 998 


IWkb iateetinal) tater awnally svmewhat dint. 4 
nishes in diameter ax it approaches the colon, 
The Betrachia have no ewcum; the small in- 
testine, in the Frog, makes a sudden bend, to ¢ 
terminate obliquely in the short and wide colon." 
‘The more oblique entry of the ileum into the 
colon of the Crocodile gives the appearance of a 
short pouch on one side: some of the circular 
fibres of the muscular tunic enter the ileo-colic 


valve.* 
Tn the Python the large intestine begins by 
a sul ite, pointed emeum, marked off from 


the colon by « plaited valvular fold ;? a succes- 
siow of such folds occurs in the rest of the large 
‘Tn eome land and fresh-water Tortoises 
Testudn tabulata, Testudo graca, Emys europea) 
the ileum opens obliquely into the side of the 
eee ee on, Eeaving A! shiorti.and bs 
*emeal’ summit of that gut;* the mar-  Ateexer cnt, 
the ileo-excal orifice are puckered into 
two of which, in Testudo groca, are continued into the 
the intervening groove extending for a short distance 
the curve of the colon. The colon is longer and wider 
worous Tortoises, and usually contains grass, leaves, 
yogetable substances, the small intestines bei 
Tn some species of Agama (Ariliscocoma), Galiotes, 
Monitor, and in the Draco volans, fig. 303, k, there is a 
fl excum at the beginning of the colon, ib, 7: and this gut, 
distended, seems je from the narrower rectum. 
But the most complex large intestine has been met with in the 
herbivorous Iguanas.* ‘The ileum terminates by a slit om a ridge 
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with the urinary, , genital, and allantoic orifices, when the latter 
bladder persists in any degree. ; 

In the Batrackia’ the allantois opens into the fore part of the 
clonea, or, a8 it seems, into that part of the rectum; bebind the 
rectal outlet are the orifices of the two sperm-ducts or oviduets: 


of the gut than in higher Reptiles. In the male Triton the 
rectum forms a valvular projection into the cloaca, after it has 
received the orifices of tho vasa deferentia. 

In true Opkidia there is no remnant of allantois opening into 


the valvolar fold between the intestinal orifice 
geste sol sexed conduits, together with the 
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gonital and urinary canal, and of the allantois, is also 
projecting border, like a distinct orifice, from the 
compartment, in which the clitoris, fig. 302, 1, or penis lies: 
ii the ‘ urogenital,’ the latter the * vestibular,’ 
elonea; the urogenital orifice is transverse or semi-lunar. 
serpentine the oviducal orifices are immediately behind 
one: the allantoic orifice is in front of it; behind the 
i are the terminations of the ureters, and behind these, 
the vestibule, are the wide orifices of two cloacal sacenli? 
‘each of which exceods the allantois in size. In Emys europea, 

fig. 302, U, v, they equal the allantoic bladder, v’, ‘The allantois 
fin the Crocodilia is reduced to a urinary bladder-like dilatation of 
the fore part of the cloaca, into which the rectum opens obliquely, 
and by a valyular protrusion; the genital orifices are behind this, 
-® Siren, xx. vol. fr, 20.2693 + Amphiuma, ib, no. 2397; Menopoma, \h. no. 239: Tore 
toise, th. mos 2401, 2059; Salamandra, ib. no. 2407; Mara, ib, nox 2409, 2702; Pipa, 
OS We te p57, on 3083 * Th. no, 2708. * 1b, vol, i no. 751. 

* + Anal saceuli/ xx, vol. fr, (1838) p 147, no, 2729 m+ Vession ‘i 
CEEIV, (1859), p. 454. * Ventios lombnires,’ cCRRXtX. tom, vi. p. 362. 
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rior angle accompanics the vena cava towards the heart: a 
d angle, m, m, enters the curve of the stomach: the third is 
i hackward, along the right side: the gall-bladder ies in a 
ich between the last two angles. In some other Lizards this 
is deeper, and the increased size of the left process gives the 
abilobed character; the vena porte enters the fissure, the 
‘enya enters the longer right lobe. In the Iguana the liver 
mds from right to left, with a convexity forward, and with a 
Fou. 1. ae 





the hepatic ducts unite 


iw continued directly to the inteati ( Teetude grace). “In Chelone 
Midas » long duet from the unites with a shorter 
the cystic near its 
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Bepiler We! Eilers poared-ints the: gut ‘near; ty, sorohtiniee 
pool uter The in Reptiles is 
gy po a 
See acai sah ol os 


ESS preteen iad eae te 
@ process, which surrounds the gall-duet, as far as the gall~ 
Bladder. In the Salamander it is long and narrow. It is thick and 
in Cacilia albiventer; straight, elongate, and slightly 
in Cacilia interrupta: it is ovoid in most Colubrida; of a 


Seti nb ot sha rer Repti Goan ce rettn ty or raw ight on os 


the nitzogeniaed elements, Dr. Jones, however, detected the presence of grape- 
FegerfateaNenet cult Seed snioana afl otaent easralee 





CHAPTER VI. 
APSORBENT SYSTEM OF H2MATOCRYA. 


Te eee 
simpler gland-follicles, their outlets or ¢ ducts,’—com- 
acted sheets or strata called ‘skin’ and ‘membranes,’ mucous or 
serous,—bladders, sinuses, and tubes, arterial or venous,—threads 
ligamentous, or nervous—are covered, coated, 


interypaces, U 
eel. Itis dispersed tes, with intervals, cells, 
aad * and the plates a and extromely ee 


ete ee ae more pears 
holding structures during life: and reciprocally the ‘ serosity * is 
ng erate see ey eri la 
Bees ess 186) caries of the, connect’ sine, eral 
consists of — 


chemical, both within and out of the body. 
eee sais Suk seem to be most closely connected 


, 
* In the dog, by Asclli, in 16221 at least the part of the absorbent xysvem called 
Fitrctersicr cplerormaeh fia cla math 
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* ; id pass 
through the occipital foramen to join the lymphatics of the spinal 
canal, and terminate in the cervical and sub-occipital trunks, 
whick reecive the lymphatics from the upper extromities of the 
gill: these, with the deep-seated |: ties from the kidneys, 
join the single or double trunks at the under part of the vertebral 

+ xx vol. Lp 126, no, 402. e * cease p 260, 
* OF. PR 27, %, pl. 6, figs 1 and 2; pl. 7, figs 3 and 4 ‘ 
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aorta as in Batrachia, and bifureates anteriorly, the divisions 
inclosing the right and left pulmonary arteries and sorte, and 


‘Fiscers (nella, wen fooms hei, WEA the tyepb-reegencle (ape Mewpenas, KEES 


terminating at the beginning of the two precaval veins, by 
elliptical orifices guarded by valves, The lymphatic system of 
the trunk and limbs affects the form of irregular plexuses and 
dilatations. 

The lymphatic system in Lacertilia reeombles in the main 
that of Ophidia and Chelonia. In Crocodilia there are soveral 
signs of advance. Hunter! noted the white colour of the chyle: 
the ‘ receptaculum ’ is more circumscribed ; its anterior divisions 
fre more yasiform, more like ‘thoracic ducts ;' there is a compact 
gland-like plexus of lacteals at the root of the mesentery. At 
the base of the tail the lymphatics surround the artery and vein 


+ coxxvs. vol. ii, p. 385. 
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by a large plexus, filling up the hemal canal; they present also 
a plexiform character at the axille and base of the neck, about 
the jugular veins; but the vasiform character is generally better 
marked in the lymphatics of the Crocodile than in lower Reptiles, 
and the valves occur more frequently. 

The lymph-corpuscles are very few, and rarely visible in the 
lymphatics of the tail of the Tadpole, but were numerous in the 
lymphatic canals near the liver in Salamandra. By carefully 
puncturing the large subcutaneous lymph-reservoirs of the Frog, 
at the upper part of the thigh, the pure fluid may be obtained 
from the living animal: but analysis of lymph has chiefly been 
performed on the larger quantities discharged from artificial 
fictule of the thoracic duct in the Horse and Cow, and its results 
will be given in connection with the Mammalian class. 


CHAPTER VII. 
CIRCULATING AND RESYIRATORY SYSTEMS OF HEMATOCKYA, 


$8L Blood of Fisher—The red Wlood of Vertebrates owes 
its colour to the albuminoid substance called ‘hwmatosine, 
existing in the discoid corpuscles called‘ blood-globules,' blood. 
cells,’ or * blood-dises.’ These float in the straw-coloured 
fluid called ‘ plasma, which consists of water holding in solution 
proteine principles, hydrocarbonates of the fatty nature, saccharine, 
and saline matters. The watery solvent predominates in the 
blood of Fishes and Batrachians. The *proteine’ basis existe 
under the combinations termed ‘albumen’ and ¢ fibrin. 

‘The blood-dises in Fishes are commonly of a full elliptic shape, 
og Ba 8,9, and Skate, fig. 8, A, p.4: but im the 

and Ammocete they are nearly circular. In the Myxine, 
however, they are elliptic, and some are fusiform. They present 
the largest size in the Sharks, but are smaller in them in proportion 
tothe body, or mass of blood, than in Batrachia.' Besides the rod 
dises there are the larger white corpuscles in the blood of Fishes as 
in that of higher Vertcbrates, but in lees proportion than in Sau- 
rians, Birds, or Mammala. 

‘The comparison of main physiological importance between the 
blood in different groups of Vertebrates, is that which relates to 
the proportion of the organic matters contained in the water. 

Prevost and Dumas expressed the general results of this com- 
parison of the blood of the cold-blooded classes in the following 


TABLE OF TUE FHOTORTION OF WATKH, CLeT (HLOOD-DIs0S AND FEEEIN), 
OMS, AND SALTS. 








4 See coxxxix. tom. i p. 59, for the dimensions, in fexetions of » millemeter, of the 
blocd-dises of Fiabes. 
® GOLEY. ps 64. 
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SCY vetattea’blocil and eocno afin aloo lymph, from the pale 


gating sac there present in the Wel-tribe, The vein-trunk is 


‘ot homologous with either the * inferior’ or 


‘corresponding jugular trunks lic above the aponeurotic repros 
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bby progressive union and reunion, constitute cither a single trunk 
which forms the portal arterial vein, fig. 308, whee liver; or, 


vein of the epleen (fig. 276, 


n), and eee the duodenal, pancreatic, and gastric veins, 
forms the portal trunk. 
Professors Exchricht and /Miiller® found, in corey ‘that 


a few 
Meectanee-thetveriebral oysters of veins anastomose with the 


* xxm. p 381. * ovat p. 374. om 
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cheequered more or lezs with stellate pigment ; in shape fusiform, 

fig. 309, a, or pyriform, ib. n; at the distal end it is connected 

with a small vein, c, which collects the blood from the capillaries 

of the tail, d, d’: at its proximal end it is connected with the 
t of the cardinal vein, &. ‘Tho blood, which is 

appears to flow into the sac in a continuous stream from ¢; it 


eer a rie ering aieaty: Menus nie 
life by the developement of distinct microscopic 

granular corpuscles, as ive centres of assimilative foree, 
before it enters the undergoes in these vessels and their 
renee Crocco its er pie eee 
> feather tat ld ope 
therewith: the vitalising stimulus of which inter~ 


a capsule, 
Spat ies isscwsecodelel of’ calla "Tbe the asa settee 
chyme enter the veins, where a further interchange of properties 
with the venous blood and a new course 


shows them to be in the course of change. The venous 
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Ut 
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and efficient cause of its conversion into 
aay coeds cavity, os een 

if in order to impel the blood to the organs especially dea~ 
tined to effect its decarbonisation and oxygenation. 








ecparate branchial arteries of the Cophalopods.* In other species 
of Bédellostoma the artery extends beyond two or three pairs of 
gills before it bifurcates; and Miiller® saw one instance in the 
AMyxine glutinosa, where the branchial artery a0 
continued single as far as the anterior gills, 

‘The pericardium of the Ammocete com- 
municates by one wide orifice with the peri- 
toncum: that of the Lamprey is a shut sac, 
and is su ted ease of 
Staudt’ 
branchial arches, fig. 310,m. Not any of the 
Dermopteri possess the * bulbus arteriosus :* 
this is present, and ae’ as it were, a 
third compartment of the heart, 311, », 
beyond the ventricle, ib. A, and auricle, ib. 
c, in all other Fishes: nay, if we include 
the ‘sinus communis,’ ib. p, as part of 
‘the then we may reckon four cham- 
bers in that of Fishes; but these succeed +] 
each other in a linear series, like the centres | 
of the brain, and their valves are so disposed 
@5 to impress one course upon the same cur- 


rent of blood from behind forward, feahe 
it exclusively into the branchial artery a 
its ramifications. This is very different 


right auricle and ventricle of the mammalian heart, and 
its quadripartite structure in Fishes illustrates the law of vege~ 
tative repetition, rather than that of true physiological compli- 
eation. The auricle and the ventricle are, however, alone proper 
to the heart itself: the sinus is a developement of the termination 
of the venous system, as the muscular bulb is a superaddition to 
the commencement of the arterial trunk. The heart of Fishes 
with the muscular branchial artery is the ‘ homologue” of the left 
auricle, ventricle, and aorta in higher Vertebrates; but it performs 
function ‘analogous! to that of the pulmonic auricle and ventricle 
in them. 


‘Some of the higher organised Fishes, which present the normal 
structure of the heart, have, like the Myxinoids, a perforated 
+ xx. vol ih p26, prop. no, 1018. Saxe p 
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in Fishes than in higher Vertebrates. Its relative position to the 
ventricle varies in different species, and permanently represents as 
Pitan aespseecraeeer brig paar arenied rime rcs = 
enelnbetay and mammals; thus in the heart 
“Sepa refs sin the My it tide poster 
longitudinal line 


angles with and on the 
valves: their margins 


d and Lampreys, it is oval; in 

diameter is tho longest, as if 

wity is, however, simple in all 
ventricle are very muscular, and the 
if any other part 
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communicates with it without any intervening valve; the auriclo 
receives the vein from the sir-bladder by a distinct aperture, close 
to the opening into the ventricle ; 


parietes are very irregular: a‘ tra- 
becula’ projects from the lower 
part of the cavity, like a rudimental 
Septum: a smaller transverse ‘tra- 
becula’ arches over and acts as a 
valve to the single auriculo-ventri- 
cular opening, but there are no 
membranous — semil 


oar preteen 
_ they may be overlapped by these, 
but an aponeurotic septum inter- 

-venes between the origin of the bulb 


and the overlapping ventricular 
fibres. 


1 ee ter fen the 
artery. The leading condition 
understood by supposing cach compressed sac of a Myxine, fig. 


113, m, to be meu through its plane, and each half to be glued by 
outer smooth side to an intermediate septum, which would then 
pport the opposite halves of two distinct sacs, and expose their 

| vascular mucous surface to view. If the septum be attached by 


4 xx. wol ii. p. 39, prey. no. 910. 





‘the branchial stream by an orifice, 4, near the middle line of the 
venteal surface: between tho two outlots of these latoral Jongi- 
tudinal canals, but nearer the left one, is a third 


esophagus, ch passes 

by the lateral orifices, f, leading into the branchial sacs. This is 

the first pee developement beyond that simpler condition which 
the Lancelet, where the whole parictes of a much 


| but not a ciliated mucous surface: this is disposed in radiated 
folds, und is further increased by secondary plicw, The seven 
branchial sacs on each side of the asopha 
have short external ducts, fig. 313, 2, which ae 
‘open by as many distinct orifices in the skin 
in a species of Bdellostoma hence called hep- 
tatrema: the internal branchial ducts com- 
inge, ib. f, with 


stage in the scparation of the respiratory from 
the digestive tract is here seen, for each in- 
ternal duct communicates a median 


behind, and communicating ly with 
“the fances by an opening guarded by a double 
_ membranous valve, 


lk? ee tes etre io neat 
are situated on each side the 


the Ea caunecian mene es Se 
the small Frog-fishes, =i 
circular branchial pore is produced into « 
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The main purpose pf the gills of fishes being to expose 
-yenous blood in a state of minute subdivision to streams of water, 
the branchial arteries rapidly divide and subdivide until they 









| plane or layer, fig. 317, 
an clastic 





are 
the chemical inter-  rrwrioi iat, wha ne repérntory expStaries on sds, 
om ‘God, gousvait 


place between the carbonated blood and the oxygenated 
The requisite extent of the respiratory field of capillaries is 
rious modes of multiplying the surface as 
space. it 


Tn the Me 


mpressed, slender, pointed processes, i 
the teeth of a comb, but in a double row, fig. 
d,d, from the convex side of each branchial arch, 
ch pair of processes has its flat sides turned 
ed contiguous pairs, and the two processes of 
| pair stand edgeways toward each other, and 

commonly united for a greater or less extent 
_ from their base: hence Cuvier describes each pair 
i ‘llee," ! 





| Aristotle described this fish as having doublo the 


iL ei + xxmt, i. p 379, 





Lepadogaster, tad the Cyclopterns liparis have three biserial gills 
and one uniserial gill; the genera Lophins, Batrackus, Dioton, 
‘Tetrodon, Monopterus, Cotylis, have three biserial gills; Malthea 
and Lepidosiren have two biserial gills and one uniserial gill ; the 


eet aff Lrunrblad arch #WR s pair af prerwenes, ection of bewnrtvin} arch, m with waprerting Creme 
as mmmetion ne Wael sins Cec,” UNE Of Che Hate bseton Dreeean, Cod. 
‘comers, 


Cuchia (Amphipnons) bas two gills. The above enumeration 
neonate ped side; they are xymmetrical 
fill fishes, and the uniscrial opercalar gill is not counted, as not 
eto = reper branchial arch, 

branchial processes are bony, at least along the outer and 
Se cornenkateereaaih Fishes (e.g. Salmo, Alosa, Gadus). 
‘They are gristly, like the arches whic pport them, in the 
Sturgeon, where thoy break up into ate branched fringes, 
slong their outer margin. Small ‘interbranchial ' muscles extend, 
eee uniting septum, between the bases of the processes, 
for ing slight reciprocal movements." 
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trunk, In the Shark the first pair come off close together from 
the dorsal part of the trunk: the arteries of the last pair quickly 
hifureate, and thus each of the five branchial fissures receives its 
artery. The Myxinoids offer the exceptional instances of the 
bifurcation of the branchial trunk by a vertical division into two 
lateral forks, extended in one species to near its base: the 
Lepidosteus presents the still rarer example of the trank being 
cleft horizontally into an upper and lower primary division ; the 
upper or dorval division sends off two branches on each side, the 
posterior dividing to supply the fourth, fig, 323, s, and third, 
Diet taietecior poke to the second gill, ib, 3: the lower 
division sends off the pair of arteries to the first pair of gills, 
ib. 2, then extends forward and bifureates to ly the uniserial 
peerontas piley Th. 1, which are present in this ganoid genus, as 
im the Sturgeon.' In the Cod 
and other Osscous Fishes the 
vessels on each side, which are , 
to the pulmonary 
See ieacn, tite ts fore te 
aortic circle,’ fig. 321, a, which 


this circle into the hyo-oper- 

cular, ¢, xni orbito-nasal, b, 
arteries; but the main streams = 

are directed backward, and con- Comenenreoney ad npmnt caretanon, Dorm 
verge in the direction of the = 

arrows to the nortic trunk. The carotids, c, the homologues of the 
subclavians, d, sent to the pectoral fins, and sometimes the coro- 
mary veazels of the heart, are sent off from the aortic circle. But 
no aystemic heart or rudiment of a propelling receptacle is de= 
ec Ce ee 


Beet pases ae sont 0 Some ths marginal branchial venules 
itintctraickss-whick ramify beneath the branchial membrane, 
and become the ‘arterie nutritie’ of the gills: their capillaries 
‘are collected into venous trunks, which quit bod paternal 
at both their extremities, those from the dorsal ends j 
the jugular veins, those from the rigial veniatereiag 
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the primary arterial arch, corresponding with the anterior or 
hyoid one, developes either see 
(uniserial) gill, or a i 
mose, rudiment of a gill, or both, ot 
neither, In the Lepidosteus this arch 
connection with 


ib. n, consisting like- 
ue series of vascular filaments, which agrees with the 
ae ns ee ein 








ri 
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it 
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‘The position of 


the palatal opening of the sac, in relation to the laminx of the 
* caxsry, vob ik. p 372. 





| Cobitis, Nandus, Silurns, Batrackus, Gymuotus, Murenophis, and 
Murcna are examples of genera in which it has not been detected. 
In almost all other Osseous Fishes it is present, situated on each side 
of the bead, in advance of the dorsal end of the first biserial gill, 
under the form cither of a small exposed row of vascular filaments, 
eee ira nal Reteeekik eye 

peri, the Plearomectide, and baa ge erga bye a or, like 
Dea tenjiconpond of parallel vascular lobes, and 
tetany Cha-teassonts ofthc ten al chamber (as in Etox, 
Cyprinus, Gadus, Sar aoe In both cases the vein or efferent 
lt saparnabnrrrnrmamned = 











mel seat off fn th ven ofthe few User pills 

wich le wg val seen oe 

| i an el aun tyr et a 
ie the ence} »), and 

| that be the oy The peendobranchia fa thusa kind 

Derakon obads a shales 


exe onlyyant i most generally associated with the more immediate 
| ophthalmic: ‘rete mirabile,' called ‘ choroid gland,’ Se sities 


supplies the eyes and part of the brain: it coexists in the PI 
sp pd ef ran rit Pe 


| of the two anterior branchial veins. In the Mysxines an anterior, 
me well as a jor, norta is continued from the common conflu- 
| ence of the jal veins. In all higher fishes the posterior 
sorta is the only systemic trunk 20 formed, 
© XXte PR A867. 7, 
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vein of the spleen always contributes paar par 


fold of peritoneum to the Tesiobend cebeelot she staat 
‘to the beginning of the intestine: it is of variable but commonly 

aheape io 19 Coup) red or: brown-red colour, aad dole 
and, + the venous cells of which it is chiefly composed are 
filled granular corpuscles, 

On sib Staten of Phen ‘The ongaa vodeacminaiod a fond 
in most Osseous Fishes, in the form of an elongated bladder, tensely 
filled by air, extending along the back of theabdomen, between the 
eens aipereaneriog ae A, and sometimes 
(Ggmntat, 8, 23% 4, 


Regalia ia ced saterely by omn Sndent, al potty 
‘two indents, from which notches septa project inwards = some= 
the air-bladder is divided partially, both lengthwise and 
luchenipterus & 


atlantient, Heliaaes insolatus, some species of ut Silage ‘Mena, and 
Smaris); Retiree 





‘ae is completed im the Lepidociren, in which the 
isis pattie preemie 


‘The variation in respect the presence or absence of an air- 
a erp xpressed in the characters of the 
i of Fishes, pp. 10—12. The duct, 

which ta shown by its place of communication with the beginning 
of the csophagus, and by the rudimental larynx, in Polypteros 
and Lepidosiren, fig. 316, ¢, to be the homologue of the trachea 
of air-breathing Vertebrates, is a simple and delicate membranous 
ae but it presents considerable variation in its length, diameter, 
and place of communication with the alimentary tract. In the 
Herring the ductus pneumaticus is produced from the posterior 
attermated end of the cardiac division of the stomach, fig. 281, f 
‘and opens into the fusiform air-bladdor at the junction of the 








like body; “name atsaaen creamer ior 
the ordinary simple capillary system (Perch and Cod), Tn the 
‘Cod-fish, a lange artery, a branch of the celiac, and a still anger 
vein, which empties ityelf into the mesenteric, perforate together 
the fibrous tunic of the swim-bladder. Before they reach the 
inner surface, they divide into some branches, which then radiate 
and subdivide upon the mucous membranc: the arterioles 
frequently anastomoge together, and the venules as frequently 
snastomose with each other: both are inextricably interwoven, 
and form the basis of the so-called ‘air-gland,’ which is essentially 
large “bipolar rete mirabile,’ or vaso-ganglion. The ultimate 


veins, fig. 328, and these loops 
are covered by a layer of vessele 
and epithelium, a,@. ‘This organ, 
however, is further composed of 


By anall oie vt which rarely accompany, more commonly 
cross, the arteries, 4. The two chief ‘retia mirabilia, or vaso- 
in the air-bladder of the Bel and and Conger, which are 
at the rides of the opening of the air-duct, 
Ghee te 
Min the fomcdnic manga 329: 


Rathké! failed to Pat fas pleg oP on Reed With 
* cx, “Ueber die Sehwimm-blase einiger Fischo,’ p. 98. 
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which expands at its end into a large round plate: this is 


|. pabankeanberende tart Tn some epecica of Gadus 
mauscular fibres extend from the vertebral column upon the air- 
bladder. The nerves of the nir-bladder are derived from the 
after it has received organic fibres from the sympathetic, fig. 229, 6 
Viewing the general modifications and relations of the air- 


ical one, serving 
regulate the specific gravity of the fish, to aid it in maintaining a 
particular level in its element, and in rising or sinking as occa~ 
sion may gerve. ‘The genoral law of its absence in the parasitic and 


and were unable to rise. Nor does the absence of the air-bladder 
in the surface-swimming Sharks militate against this view of its 
physical function: for though the air-bladder serves, it also 
enslayes. It opposes, for example, those Fishes that possess it in 
their endeavours to turn on one side, and it demands a constant 
action of the balancing fins to prevent that complete upsetting of 
the body which it occasions from the weight of the superimposed 
yertebral column and museles when life and action are extinct. 
‘The Sharks require, by the position of their mouth and in their 
common pursuit of living prey, freedom in turning and great 
riety as well as power of locomotion: if they are not nided 
by 2 swim-bladder, neither are their muscular exertions impeded 
by one; whilst their swimming organs acquire that degree of 
developement and foree which 2uffices for all the evolutions they 
are called upon to perform. With regard to the accessory offices 
of the air-bladder in relation to the sense of hearing, the chief of 
these remarkable modifications by which it is brought into com- 
munication with the acoustic labyrinth have been already described, 
p44. In a few genera (Triyla), the uir-bladder and its duet 
are subservient to the production of sounds 
‘Under all its divorsities of structure and function the homology 
of the swim-bladder with the lungs is clearly traceable; and 
finally, in those orders of Fishes which lead more directly to the 
Fe nnn ts Miocendocd Ganoidei and Protopteri, 
further modifications are superinduced upon the air-bladder, 
) oxxxt, cap. 23, 
you. & KK 
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of the air-bladder carries arterial blood, that 


venous blood. But in the Polypterus and Lepido- 


Feference to this charucter, the arteries of air-bladiders 
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ee th of solid 
ia contains the greatest proportion of solic 

in the cold-blooded Vertebrates.” y 
88. Veins of Reptilez—The capillary blood-vessela having a 
: to the diameter of the blood-dises which 
in single file, are largest in the Re da, in 
best oxamples are afforded for demonstrating to 

* coxty. ee ee 
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genital glands and conduits, and a vein 
from the lumbo-dorsal segments, also enter and ramify in the 
Kidneys. The blood of this ‘reni-portal’ system is collected into 
sinus at the inner of eacl 

4, into the posteaval trunk, y. The umbilical vein 

ascends along the ventral aspect of 
mid-line of the muscular walls of 
it sends branches which 


e 
é 
8 
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The hepatic vein, 7, joins the postcaval trunk, v. The blood 
from the head and fore-limbs ix collected into a right and left 
jugular and axillary trunk, which unite to form a precaval vein, 
@, on each side. Tho postcaval vein, in the Perennibranchs, after 
receiving the renal veins, is suspended by a duplicature of perio 
toneum to the back of the abdomen, the fold being continued 
from the vein to the mesentery: it enters a groove or canal in the 
liver, and receives the hepatic veins and the left precaval, before 
terminating in the auricular sinus, There are a few valves in 
the yenous trunks of Hetrachia; but their chief characteristic is 
the presence of ‘striped fibre’ in the muscular coat.| This is 
associated with the faculty of rhythmical pulsation in the post- 
aval, axillary, and iline trunks, independently of the pulsations 
of the heart? The abdominal venous trunks traverse wide lymph- 


| 
: 
5 
F 


Tn Ophidtia the cutaneous veins of the trank and intercostal 
‘veins communicate with a large abdominal yein which runs along 
the under part of the abdominal walls, and answers to the umbi- 
Tiel vein in Batrechia. The caudal vein bifureates on entering 
the abdomen, each division after receiving blood from the genital 
dects and contiguous intestine, attaches itself to the kidney, and 
tamifies upon its several overlapping lobes: the efferent renal 
veins unite to form a trunk, which, on emerging from the inner 
‘and fore-part of the kidney, joins its fellow to form the pesteaval 
vein. The veine of tho intestinal canal, genital glands, and fatty 
gee have not contributed to the reni-portal system, 
unite ‘those of the pancreas and spleen to form the hepato- 

* couxx 





In the Chelonia the blood from the tail and hind limbs is 
the plastron by a pair of ‘umbilical’ or sub- 
which receive the veins of the large allantoic 

as cae eerie reon oss seek tal trunk. 
A small derivative branch from the posterior part of each umbi- 
Tical commmnicates with Inmbo-dorsal vertebral veins, and with 
some yeins from the genital organs to form the reni-portal veins. 
veins unite with the ov: ear 


F? 
alu 


pates in 
head and 
from the 


THE 


wal, fig, 339, Y, 
rite meres 
parately into the 

) Segoe fh oes 139, The blood from the head 
to » heart, a in other Reptiles, by a 
terminates in the fore= 


Ht 


ly distinet from 
\ of “the body.! ‘This is remarkable for 
“omelet fimbriated processes, w] 
‘xoum 
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HEART OF REPTILES. oor 


‘The pulmonic auricle angments in size with the more exclusive 
share taken by the lungs in respiration: but the auricular part 
of the heart shows hardly any outward sign of its division in 





their lower obtuse ends slightly overlapping its base: they aresepa- 
mated anteriorly by the co-clongate in icardial origins of the 


Seepitieaies atic by tho nen spas ie tha i 
eer ce eae ane ee a The 
sinus receives three veins ut its fore part; the orifice 

eee ee ior azygos is guarded by a pair of valves: 


atta 
F 
[ 
i 
? 
E 
f 





HEART OV REPTILES. 909 
shape of the body, shows its greatest breadth, figs. 304, 4, 335. 
‘The two aurir when distended, are of nearly equal size, and 


of a subquadmte form, fig. 336, 4, 0. The bivalved orifice 
between the sinus and the auricle, ib. 
, 0, is a transverse elit, The white 
arrow, 0, shows the course of the blood 
from the auricle, past the valve 
supported by the base af the aurieu- 
Jar septum, into the aortic cavity of 
ventricle. In fig. 337 a bristle 
through the orifice left by the 
between the aortic 


fs the largest in Emys, as in 
and Lacertilix: the bivalved 
pulmonary artery. ¥*, is 
338 that of the left aorta, 
A, is ly exposed, and the in- 
complete septum is cut through: the 
of the right sorta, 4’, is behind 
eft. ‘The relative position bette td 
the origins of the three arteries from the chelonian ventricle 


the right aorta, the most posterior, or dorsal, of the three 
arteries. The ventricle is almost wholly occupied by a spongy 
mouseular structure, and the cavities 
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are smaller in Testudo than in Emys. 538, 
‘The left auricle, fig. 336, a, receives |, y 
the arterial blood from tho lungs by 


@ single vein, the common trunk of the 
ary veins, ib. 7: it opens into 
the back part of the auricle near the 
and is guarded by a single 
oblique membranous fold, ib. a. Each 
auriculo-ventricular orifice is 
i fold which extends acroes it from 
either sido of the base of the inter-  ¥ 
auricular septum; to that of the left, stromem of aurices) sextet cneue 
auricle a small part of the muscular — 
structure is attached by chord tendinew. Opposite to the right 
walve a semilunar ridge projects, in Testudo indica, which is the 
of the second auriculo-ventricular valve in the Cro- 
and of the fleshy valve of that orifice in the right ventricle 
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of Binks! ‘The apex of the ventricle is attached by a ehort folé 
‘of the serous membrane to the pericardium, fig. 336, 





Prectnre of ventetele, Regs corps. XEETHt. 

In all the foregoing modifications of the reptilian heari te 
venous blood from the general system and the arterialised bloat 
from the lungs are transmitted by distinct auricular reservoirs 

8% into the yentricle, where, 








r auricule 
git wylee aod vontiete, nents aot  Yentricalar orifice tx defeelel 
* xs. vol ik p48, prep, ma 929, 
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not only by the ordinary valve on its left cide, which is attached 
to the base of the auricular septum, but by a similar though 
smaller fold on the opposite or right side: this fold becomes the 
fleshy auriculo-ventricular valve in birds, To the junction of the 
two valves at their lower angle a fleshy column ix attached. ‘The 
ventricular cavity, ib, x, which receives the venous blood, propels 
it to the left aorta, 4, and to the pulmonary artery, P: the origin 
guarded by a pair of semilunar valves. Immediately 
larger of those of the left aorta is an orifice leading 
the right aorta: in fig. 339, a bristle is passed from 
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‘@ particular cavity (spativm 
interventriculare) of the 
ventricle; but it is ossenti- 
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‘Tho left auricle, Leh marcha an remtrse, Crwredttas ecninn 


340,x, when distended, is smaller than the right, and of amore 
form: its muscular part is produced into an appendage, 
which almost mects that of the right auricle in front of the  conua 
osus,’ embracing the ‘sulcus coronalix’ of the heart. There 

is a small polmonary sinus receiving the short tranks of the 
veins, fig. 340, 7, 2 The left auriculo-yontricular 

a is defended by a broad membranous fold continued into 
ventricle from the middle of the base of the interauricular 
‘septum : to its margin are attached a fow chords tendineas: the 
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(artery fo its ventricular origin ix not effected until the batrachian 
is passed, 

the lower or perennibranchiate membere of the onder, the 

isingle artery from the ventricle sends, as in Fishes, the whole of 


87 are described and figured, fig. 69, the 
Iyerrciat act an of the larva of the Frog, 
basibyal, 0, suspended by cera- 


the gallet, reunite behind 1a fom the 
Borta. Before the larva quits the egg, 
i tubercle buds out in 
of the branchial cleft, and soon 
phoots into trifid appendage, fig. 341, 
and p, each process lengthening and bifureating after the larva 
extricated, These maa of cylindrical ehape, ib. ¢, cach 
fens a single capillary 





‘Rxcernal gills Arve of Prog. comexyatt 


arch, 
Sioned by ciliated epi- 
thetiawn, producing the eur~ 











‘one, as well ns 
ie outer surface by 
branchial clefts. About 
fourth day these simple 

“ae corse 
are absorbed by the . 
day. ‘The cartilaginous arches, also beginning to shrink, 
come more internal by the progressive growth of the head, 
“In the Newt (Triton, fig. 342), three pairs of external gills aro 
d cee om Aaa oe a Ea 
‘YOu, I. 
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* perennibranchiate’ Batrachians, arteries arc developed from the 
ast of branchial vascular arches, as at P, fig. 344, to convey 
to the lungs. 

An Menopoma and Amphiuma the gill-opening persists on each 
side; but of the original four pairs of vascular arches only the 
tet ani third ciccengany reasalna of Wranchial ‘archis;cffeeat 
teribe the gullet, and reunite behind to form the beginning of 
the sortic trunk. The extent of the ossification of the hyo- 





eretyal pore pair of basibranchials, and two pairs of 
chials are bony. The Menopome and Cryptobranchus 
c ith the Newts and Salamanders (fig. 333), in having the 
ul, w, the ceratohyals, x, z, and two pairs of cerato- 
ranch med ee Uae Yas aioe pet ie prvportoually Looe 

eastern ts 08 Se ay on ek oasified. 
the . u seater iby tek liwaney merry 
oe ipictiona of a single pair of ceratobranchials (p. 91, fig. 74), 
“ persist, in most higher Vertebrates, as the * posterior 

of the ‘ hyoid bone.’ 
parts of the branchial framework in immediate relation 
hk the support of the deciduous gills never pass beyond the 
us stage; and n histological tost is thus afforded of the 
or permanent character of the branchiw in a Batrachian 
them. The deciduous gills offer many modifleations 
je Jarvee of the caducibranchiate species, In a tropical South 
riean (Opisthodelphys ovifera), ¢. g., the external gills 
the larva is exeluded, and expand into a broad 
disc at their extremity. 

bide saben adeeb sia! 

it to their office as auch = being discharged, 
elec tus Wetlne thes edisied col Seooclar roster, 
d c! The Tadpole, meanwhile, being subject to a 
af changes in overy este of oan concerned in the daily 
atrial and terrestrial existence, still passes 
z Rasienetioreies ont supplements the carly attempts 


jpported 
’ jareh, c, and coated by delicate non-ciliated epithe 
the terminal procesees of these ‘internal gills’ support a 

gle capillary loop, d. They resemble the commencing gills of 
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channels converge to form the ‘branchial veins, ib. b, which 
re-enter the neck, course along the dorsal walls of the pharynx, 
and unite to form the right and left aort: roots of the common 
median 


vessels, each of which, as it 
division supplies the an 


sequent on absorption 
nent of anastomosing 
branchial trunks, like 








which remain closely united together by their outer fibrous tiseue, 
and covered anteriorly by the reflected serous layer of the peri- 
eardium. The extent of this union, or length of the ‘conus 


tunies are dissected away, the origin of the pulmonary artery is 
seen to the left, next to it is the origin of the left aorta, and to 
the right of this, about an inch above the ventricle, the trunk of 
the right aorta appears, which, as it diverges from the lefi, sends 
off the single carotid artery. This artery is the remnant of the 
anterior of three primitive vascular arches. The right aortic 
arch and the left aortic arch, which unite behind and 

i pea 





cL eepgbtiaearndipey ager fie finde 
In the Lacertilia the extent of modification is somewhat less. 


divides: the left branch, P, passing in front of the loft deseonding 
sorta, with which it is connected by a ductus arteriosus, p, before 
proceeiing to the left lung, p, fig. 332; the right pulmonary 
artery, fig. 334, 1”, passes behind the ‘arterial cone,’ and in front 
Piha sighs Descending aorta, a’, with which it communicates, 
or is connected, by a ductus arteriosus before proceeding to the 
might lung. These * ductus arteriosi’ exist in the Python, are 
in the Tortoise, fig. 335, p, p, and in the Crocodile, 

340, p,p', The third primitive arterial trunk, called ‘right 
Sivides into the sight arch (below 2! in fig. 334), and 
the common trunk of the two cephalic or carotid arteries, 
_a*, describing the upper arches: the common trank of 
brachial arteries is usually given off from the right aortic 
Psammosauries griseus the common trunk of the carotid 
bifureate until it has ascended the neck as far us the 
the bronchial tubes: and not until after the right aorta 
over the right bronchus docs it send off, at an acute 


eee 
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coon after it has curved over the right pulmonary artery, sends off 
the trunk of the vortebral and anterior intercostal arteries + in ite 
origin and position, this trunk resembles the common brachial 
trunk in Lizards, 

The relation of the in of the right aorta to the ventricular 
compartment, first wing the arterialised blood from the 
ore mieagerergporiy ty Nhe derioge reap serine 3 


blood, and the abdominal viscera, the trunk, 
with mixed yenous and arterial 
ibution of the two kinds of blood 


a fow feeble subannular merece COM neaptatery 
ducts the air to the lungs, which com- Clipe 
mence just beyond the heart; in the Siren and Land-Salamander 
‘a similar trachea divides into 

all thes tailed Batrachia the pu ‘bags have simple or even 
walls, The artery, formed as above described, from the hindmost 


organs, Nowe, 


gla abt iesletan gamers 
‘one side or border, and the vein returns along the opposite border 
of the Inng. ‘The branches proceed from the artery, fig. 348, 
@, transversely, with regular intervale, midway in which the 
ta tne bale soa ep oy Ender Soiope 
into the longitudinal vein: fibres of elastic tissue accompany the 
Va Saiyan aches 

ne _ over the pu 
an ets Berean iapedieadl aap gret bree dirs 
347, with intervals or islets of compacted cells, containing nuclei 

cay, ps 995, 
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long trunk; and the ciliated tracts upon the inner surface begin 
to be raized therefrom, and to mark out shallow depreasions on 
the vascular surface, at least along the anterior half of the sac, 
In the Axolotl, in which the lungs terminate at the hinder third 
of the abdomen, the alveolar depressions or cells are more marked, 
In the Amphinme the lungs are narrow, and terminate in a point, 
within a short distance of the anus; on the inner surface clastic 
bands are developed in the intcr-alveolar partitions, and the alveoli 
begin to be subdivided into smaller cells. In the Menopome the 
lungs have a similar structure, but are proportionally smaller, and 
ith larger alycolar depressions. 
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beneath the peritoneal layer, the pul- 
in runs beneath the inter- 
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they are very broad and the bronchial tubes 
have a more extensive respiratory surface in proportion to 
their size than in the tailed species. 

But the pulmonary artery is not exclusively distributed to the 


J 


es 


of lepidopys, Yn Preudopus Pallasié the \ungs are of nearly 
fem py ce 


An most Lacertian Reptiles the lungs are equal, are broader 
to their length, and the short bronchus terminates 


side of the Jungs. In the Iguana the pulmonary eavity is 

d d by a few deep partitions into primary lodges, the parietes 

pag ara hocsyoorsbed by secondary and tertiary cells. In 
Monitor (Regenia ocellata) the bronchus is continued some way 

along the interior of the lung.? The lungs of the Chameleon are 
rkable for their great extent, for the delicacy of their 

t and the number of excal processes continued from their 

and inferior margins. Each lung is partially divided 

gitudinally at its fore part into two cavities, which have their 

ie wt surface increased by subdivision into cellular alveoli; 

1 7 Ei ap reermanll  einllondles Drop et 2 

and mascular structure, and may serve as a reservoir of * 
‘Marginal ewcal productions of the pulmonary bag exist also 

the Beskos! (8.0: Ptyodactylus fimbriatus) and in Polychrus 

In Geckos und Scinks the trachea terminates in 

: without dividing into bronchi. 

In the Chelonia the lungs present a further stage of eomplica- 

anil are adherent to the surrounding parts. In those of 

lydra serpentina, c.g. the general cavity of cach lung is divided 

ito eight compartments, the walls of which are honeycombed 

snd vascular, expecially at their fore part. The bronchial tube 
stends to the hindmost compartment of the lung,* communi- 

by special orifices with the anterior ones, and sending 
tions of its fibrous structure along the free border of 


the Sea-Turtles (Chelone) the lungs extend over the back 
if the abdomen to the pelvis, and must act as an air-bladder 
their swimming:4 the bronchial tubes are continued, 
ly decreasing, to near the end of the lungs, and retaining 
sino rings or half-rings along three-fourths of their 
‘They communicate with numerous primary divisions of 
wry cavity, each of which is divided into cells, which 
ded to the third or fourth degree, with proportionate 
TS Sessa aia ‘The ultimate cells 
+ xx. ib p96. * CCCRXT p. 
+ Th. p. 96, prep, no, 1109 4. “fds p 6 prep. no, 110, 
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off lateral branches: it then abruptly terminates 

inn in which the 

d with the pri 

passes from them by numerous round apertures into the 
subdivisions forming the cellular structure of the lung. 


which the lungs diverge directly in Proteus, 
Triton, and with a short trachea intervening in 
Axolotes, Menopoma, and Salamandra, the trachea being 


Eee ota in all a pair of large arytenoids, of a triangular 


the apex forming the upper and lateral boundary of the 


‘Tongue, asyws, wad oer 
‘ade Fri, fans temperertn. 
‘oer. 


d and nearly equilateral triangles. In Bufo cinereus 
+ xx. vol fh p. 97, prep. no. 1118, 
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answering 

Bene he itn ver ae pl op th 
of the breast-bone, so that the whole bone is 
appear to draw in their breath but once voone 
‘half-an-hour, and often at a much longer int 





respiration 
‘expansion and contraction of the moro movable parts: 
of the eavity containing the lungs: for this being 
aie caciranbies it by the ‘only available passage, viz, the 
and windpipe, to the lungs. ‘The articulations of the ribs 
allow of their rotation forward and backward, and 
Bare Bak! clvacieation of the two ribs of each pair. ‘This 
n ohare apd ener Pasar ers 
224, figs. 143, 144. To whatever degroo the visceral 
be so expanded, the air enters by the nostrils or 
ae be open and free; and a general expansile or 
movement may then be noticed? But the great 
J of the thoracie-abdominal cavity and the numbers of pairs 
aveable ribs —in some serpents three hundred pairs—are 
ted with partial scenon ei sa. conienanens of the 
corres} an; ny ulmonary 
Biaeet Rising total volarse of air in iit the plot 
in communication with the outward air, either directly or 
the medium of the nostrils. Schlegel has observed about 
fial dilatations of the trunk and lung between two 
When the Constrictors swallow their prey the 
this may be a consequence of 
parictes of the tly distended 
b al wy not relate to the 1 necessity of directly receiving 
Yoouxxva vol Ip 348, =f ccexxxy, = * coxsaty, tom, Lp. 53, 
wo2 





CHAPTER VIII 
URINARY SYSTEM OF IEMATOCRYA, 


§ 95. Kidneys of Fishes.—In all Vertebrates an excretory 
organ is very carly developed in the form of a tube, extending 
from cach side of the cloaca forward, along the doraal region of 
the abdomen, close to the spine, where it communicates with a 

of slender blind tubes placed at right angles to it; the 
trunk-tube serving as the excretory duet of the 

transverse secerning cwca, ‘These glands are transitory in 

he air-breathing Vertcbrates and are called, from their discoverer, 
Wolfhana;’ they are persistent in fishes! and arc 

galled + kidneys,’ fig. 362, 2: in both they are renal organs and 


i Bee crass" Gender, slongsted'glendolr body, in the 
‘Situation marked / in fig. 169, may represent the renal organ in 
N foiiegoa: ‘The structure of this is more obyious in 
: Myxinoids: it is double: cad long Coie aban eas 
from the cloaca through the abdominal cavity, sends off, 
at regular but distant intervals from its outer side, a short wide 
ib, 6, which communicates by a narrow opening with « blind 
ib. d. At the bottom of this sac or caecum there is a small 
P fig. 363, 2, D, free on all sides save that by which 
, ib, a, enter, and ib. d,* quit it: there are no urini- 
Say thin adits ate 

‘must react ita parietes i 
‘with which it is in contact upon the blood in those capillaries, and 
‘extract therefrom the azotised uric principle. Analogous vaseu- 
Tar bodies, formed chiefly by convoluted tufts of arterial capilla- 
ries, are present in the Wolffian bodies of Mammals, and in tho 
renal organs of all Vertebrates. They are called, after 
discoverer, ‘ Malpighian corpuscles,’ and the uriniferous 
fae tka thr ee bys ncclorm blind hogining applind over 

‘the vascular tuft or ganglion.* 

‘The combined secerning cwca and vaso-ganglia form in the 


*cxme ll po * xa. p13. * cexxvin, 
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\preys ' a continuous narrow elongated gland, which extends j 
qeayoong cs A suntan Soden Seen Cine Canierseee oe 
the fall grew Soh (Eig in) SRT Hor two thirds: in 


‘Viseues of male Share, sowing Eines, my dm atte 


their ventral surface is immediately covered by an 
membrane, againat which the peritoneum, and the 
when present, are applied. The renal tissue is coft and speech 


In Peiromyzon marinus tho diameter of tho tubuli uriniserl Ls hth of as favhy it 
of tho capillaries of the kidneys being yfyqth of an Inch xe. iv, pl 6, MA 
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KIDNEYS OF FISHES. 635, 


firmest at the fore-part of the gland; usually of a reddish-brown 
colour; sometimes soaked, as it were, with dark | Itis 
supplied by small arteries from the ‘inal aorta," 
ee ene te ete ie = 

true 2 of higher 
Vertebrates. ‘The primary branches of the tubuli uriniferi, given 
off from the long urcter, are extremely numerous ; their divisions 
in the renal substance are comparatively few; they are in most 
fishes convoluted and of equal 


diameter, extending through the Ps 
whole renal substance, which 

shows no distinction of cortical 

and medullary parts, and has 

weither ‘pelvis’ nor ‘ mammil- 

lez’ they are lined by a ciliated 

epithelium. Sometimes a single 
common ureter quits the coa- 

lesced hinder ends of the kid- 

mays, a8 in the Pike, and termi- 

nates ina urinary bladder. More Z 
frequently the cesentially duplex 

mature of the kidneys is mani- 

feasted by the emergence of two 

ureters from the ventral surface 

The pater 


ting the kidneys,and terminate by 

common gradually widening canal in the urinary bladder; some~ 
times they enter the urinary bladder separately, us in the Wolf 
ish, where they both terminate on ita left side, half an inch above 
the cervix: rarely are any smaller accessory ureters seen, 08 « ¢, 


| im the Stickleback, to terminate also, ly, in the bladder, 


“This, in aquatic animals apparently receptacle of a fluid 
excretion is, nevertheless, rarely absent in Osseous Fishes; the 
Pilchard,the Herring, and the Loach are among the few instances 
where it is not developed. In the Loach a very short, in the 
‘Herring a long, common ureter terminates behind the anus, In 
the the common ureter is so wide as to serve as a 
and it is directed forward to reach its termination 
immediately behind the advanced vent. 
‘The urinary bladder is sometimes round, fig. 379, 6, sometimes 
* Asin Lepidosires, axxun. p 249. * Hunter, va. vol Up. 112 
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and , in which the air-bladder is absent. In 
mus the bifid urinary bladder extends the whole of ‘the 
abdomen. It always lies behind the rectum, receives 


i Jonged usually into a prominent papilla behind the veat. 
The long cervis veslcn in the Salmon ix surrounded & venous 


a ureters extend ‘tho outer 


the cloaca, where they unite into 


but distinct from other in 


depressions on either side of the 
origina of the * retractores pabsti’ 
‘Tho kidneys of the Plagiostomes 
are also of a more compact fina 





Kidney and genwvalive oresna tamprey Wine ghow a cerebriform convoluted or 

ae lobulated exterior: the peimry 
branches of the uriniferous tubes are fower, and their dichotomes® 
ramifications morenumerous:! the ureteri¢ trunk becomes superiic 
along the inner and fore-part of the hinder half of each kidneys 
after quitting which it dilates in the Grey Shark ( Galews) inte * 
kind of receptacle, fig. 362, m, behind each oviduct or was deferens, 
and communicating with its fellow near the cloaca, terminates ly 
a single urethral canal upon a kind of penis or clitoris, ik® 
at the back of the anus, within a large common cloaca, Ino 
Torpedo, the ureters terminate on the cloacal papilla by twe & 


1 In the Ray, the diamotcr of the terminal branches of tbe talball sxrieifert are a? 
of an inch, that of the capillary renal arterlos being saath ef wm incl 
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‘tinct orifices.| In the Skate and Thornback each ureter terminates 
‘in the neck of a short bifid bladder : these open by a common urcthra 
upon the cloacal papilla, The Lepidosiren has a small urinary 
Dladder situated behind the rectum and in front of the oviducts: the 
‘ureters do not communicate directly with it, but terminate sepa- 
er came Pepin ia sie ovkoeel of the cloaca,* 

‘ith regard to the circulation in the kidney of those Fishes, as 
¢. g. the Plagiostomes, the Lophius, and the Lepidosiren, in which 
‘the organ is best defined, the vein on the outer side of the kidney 
which reecives blood from the tail, the abdominal parietes, and the 
generative organs has so far the aspect of a‘ portal’ or inferent 


veins from the anterior abdominal parictes, and sometimes those 
from the pectoral fins. In all Fishes the kidneys maintain the same 
relations with the cardinal veins that their transitory homologues 
the * Wolffian bodies’ do in the embryo of higher Vertebrates. 
§ 96. Kidneys of Reptiles.—In this class the kidneys are always 
‘@ distinct pair, and are more circumscribed in form, and more 
‘compact in atructure than in Fishes; but, as in them, the renal 
tissue is uniform, not divided into ‘cortical’ aud ¢ medullary’ parts. 
Tn the Siren each kidney is a long, oval, eubcompreased body, 
tapering anteriorly to a point situated in the hind part of the 
‘abdomen, dorsad of the rectum, with an entire investment of 
| peritoneum reflected upon their inner edges, where they receive 
| small arteries. The ureters entor the back part of the cloaca, from 
| thefore part of which ix developed a small allantoid or urinary blad- 
| der. The kidneys of Amphixna resemble thoee of Siren. In the 
‘ the kidneys are relatively longer, extending nearly the 
whole length of the abdomen on each side of the vertebral bodies, 
In the Newt the kidneys are less elongate, and their forepart 
becomes so thin and transparent that it lends itself favourably to 
microscopical examination. The ciliated epithelium continued 
| from the uriniferous tubule, terminates abruptly shortly after 
| entering the Malpighian capsule, fig 355, ep: the basilemma 
(|, Sorenalaea hth ppp create aera 
epithelium, appears to be unclothed : & homogenous, trans- 
parent, structureless substance, perforated by the inferent and 
efferent yessels, and not reflected over them. The inferent 
Sou * xxur pl. 27, 
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are lodged. In most Serpents they are unsymmetrically situated ; 
the left in Coluber natrix, o.g., being one-fourth of ite length 
nearer the cloaca than the right kidney; and they are loosely 
attached to the dorsal abdominal walls, Bach renal lobe is so 
distinct that it may be regarded as a separate kidney or renule = 
it is reniform in Python and Boa, and is principally composed of 
the ramifications of the renal artery, the f 
reniportal and renal veins, and the urini- au 

ferous tubules with their initial (Malpi- 
ghian) capsules. The artery of the renule, 
entering at the notch or * hilum,’ repre- 
senting the pelvis, distributes its branches 
feawise through the middle of the sub- 
stance: cach branch, fig. 358, a, sends 
twigs to the Malpighian capsule which 
form within it the dilated plexus, ana- 
logous to that in fig. 356, whence the 
blood is returned by the efferent vessel, 
in the direction of the arrow, to the 
branch of the reniportal vein, fig. 358, 
p, 2 these branches being distributed 
fan-wise over both surfaces of the flat~ 
tened renule, In this course they com- 
municate with, or help to form, a rich 
venous plexus, ib. p, surrounding the 
tobuli uriniferi, ib. ¢, and communicating 
with the branch of the renal or emulgent 
vein, ib. ¢, v, which accompanies the 
artery, in the mid-substance of the 
renule. 


‘The tubuli, ib. ¢, continued, as in fig. 
356, from the capsule of the * Malpighian 
body,’ after some convolutions, pass to the 

next which the ‘body’ is placed, 
and terminate in a branch of the ureter, 
wr, there situated: these superficial 
branches are dispersed fan-wise, converg~ ‘Hw sdsmaltorgny title 
ing to the ‘hilum, and are often sccn 
injected, ns it were, by the opake white paltaceous urinary 
excretion. The Malpighian Desi di diminish in size and the tubuli 
in length, towards the thin edge of the renule. 

‘Lhus, on cach superficies of the flattened renule are the radiating 
saruli of the ureters, x7, and reni-portal veins, pe; whilet along 





belipeeA nips pedintenptiatorapne piers ele) 
bladder in Batrackia, Ophidia, and Lacertilia, attain 
cable size in some members of the latter order; in the 
tuberenlata they are attached by a narrow process to the 
ides of the bladder, near its neck.' 
In the Chelonia the kidneys present a more eompact bate 
a come surface is convoluted through the disposition of the 


ey 
d thick, subtrihedral bodies; in the Turtle (Chelone mydas) 
Bepematiened ssesticly, or towards the abdominal cavity, 


urinary bladder, ib. 96, 3. This 
Hemet in the marine Chelonia 


Sueewls In many it is hs Ta 
oe Recs 304, U, a pair of 
vide orifices, behind 


smaller and more numerous gyne ; 
“=e adecp brown. ‘The ureters 
the urogenital compartment of the 
* eval, p 281, prop. no 1820 a. 








new multinucleste cells. In old Pike this multiplication is 
arrested: the connective tissue increases in quanti! 
and the multinucleste cells are more 


ecceeenteton 3. They possess a capsule, more or 
Tess vascular. Cua ers lagers 
any z 


appear as a yellow str on the sternal aspect 
from about one line from the fore end to within 


cells, containing a greater proportion of oil-globales than 
+ but both the free and granules are present, the 





CHAPTER IX. 

















TEGUMENTARY SYSTEM OF HEMATOCRYA. 


§ 98. Composition of Tegument.—The tegumentary organs of 
“Sarma they do not happen, as pianists 
of the body, to blond with the periosteum of the endo- 
rare di ‘from subjacent structures by loose oF i 
‘connective tissue: hence the facility with which Vertebrates of 
all classes can be ‘skinned.’ The part so romoved is the ‘ tegu- 


termed the ‘ecrous’ or ‘animal’ layer of the blastoderm. 
“Tegument mainly consists of an outer epithelial layer, called 


“apse and an inner fibrous or areolar layer, called ‘derm.’ 
tissue of the derm includes ee fibres’ and ‘yellow fibres.’ 
‘The white thickness, striated 


a oe 

are , very elastic, di: to l, at 
x ote te usually as large as 
trunk, uniting with contiguous ones. A drop of acetic acid, 
ich instantly swells the white bands and makes them trans 
at, produces no change on the yellow filumenta‘ Tuto the 
enter bloodvezeels, abeorbents, and nerves: it never contains 


\ u ent-particles in reer derm: 
bat ingens sev apciind in the tegument re of he 
\, — than tho those which, from their abundance and 


\ Beri ciprot huis ond feathers bony scutes, and fish-scales 


* conn Lp. dot. 
you L NN 
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eg el Sin scale abt oh ats eae 
‘with concentric and radiating lines: they arc set decp in the 
derm. In the Sand-cel (Ammodytes), the & 


margin, and is deeper than in the Eel. The 
free part of the scale retains the reticular 
structure; in the imbedded part the arcole 
are obliterated in the direction from the centre 
to the circumference; the radiating lines preserve their distance, 
but, being united by cross fibres close set, the structure appears 
to be laminated. The majority of flexible scales preeent the 
game pattern of concentric and radiating lines: the concentric 
Hines are the finest, most numerous, and constant; they repeat 


Cyrtiit went, KE 


the stages of which are marked by these lines. ‘The ‘ nucleus’ or 
of the scale is usually excentric, fig. 362, The ra- 
diating lines, fig. 362 and 363, 7, r, arc larger and fewer: they 
‘are most numerous in the Loach ( Coditis), are sometimes confined 
to the forepart of the seale, fiy. 363, or may be absent (Sabno): 
they are furrows. ‘The parts of the scale-margin between the 
ends of the radiating lines usually project in different degrees 
from a convexity, a8 in figs, 362, 363, to the form of pro- 
cesses, ntter are most common at the anterior implanted 
border of the scale (£vor): in many fishes the opposite or free 
borer has numerous tooth-like processes, and 
Similar parts may project from the adjacent 363 
‘of the scale in two or more rows, r 
‘scales with a comb-like free border, fig. 
363, ¢, characterise the fishes thence called 
* etenoid :’ where the free border of the scale 
‘is rounded or simply undulated, fig. 362, it‘ 
‘characterises the * cycloid’ fishes of Agassiz. } 
‘The seat of chief vascularity and greatest r; 
activity and variety of developement is at the 
: Bettie betyead 50 and the” 
Horo sre formed the scalcs, constituting an imbri- 
Gate covering of the body in most fishes; but, in a few, contiguous 
or seattered. According to their structure and shape, scales are 
‘xm 
x2 





ar 





by lami- 
nated substance, ih. 5! (* émnil,’ Ag.; ¢ in,” * Wilk."*). Tn. 
Serevent maces cite 
of the outer surface of the scale. In both existing Ganoids the 
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tistue constitutes the chief part of the 
tooth-ehaped bodies of the * shagreen’ of the Dog-fizh and many 
other Placoids; in which it cannot be histologically distin- 
iuished from hard dentine. In fig. 365 are given a side view, A, 
and upper view, », of one of the ‘ placoid scales,’ or spiny tubercles 
of the Thornback (Raia clavate); ¢ is 2 magnified section of the 
seale. ‘The substance af the spine consists of supe! imposed conical 
lamellie, having, in the Thornback, a widely open pulp-cayity, 
Aiea lic pride Sriecllar calle, reall ing 40) plata? 
tubes, cere Rar bed through the substance as im ordi- 
base of the xpine-bearing scale, ib. 2, ix imbedded 
ms ee, oles the ‘ haversian canals’ of the jaw pass into 
fhe “medullary canals’ of the tooth thereto anchylosed, 20 do the 
of the derm pass directly into the ‘vascular’ canals 
pulp-eavity of the dermal dentine in'all the vations forméiof 
ets saa any of sik have a coating of true ‘ 
"aver the fine-tubed dentine or *kosmin.’ Other modifications of 
the dermoskeleton, such ax the placoganoid and acanthoganoid, 
Deon pp. 198-198, and illustrated in figs. 124-127. 
_ Tho calcification of scales, as of teeth, fig. 242, and bone, fig. 
45, takes place in layers of the organic basis successively formed: 


= idea of excretion, or the throwing out of euch layers 
a surface, is, however, as inadequate to represent 
"the facts of the formation and structure of the exoskeleton ax of 
the endoskeleton of fishes.* 
Femmvolip7t | tocncr pase. * Th. pas, aa 
* The microscopical observations on the structures of recent and forsil teeth, with 
Tncidental notices of corresponding organisation in omified ecalca, communicated by 


a 
g> 
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‘2 lamollato structure, fig. 368, g, ike that of Fishes, but with the 

direction of the fibres, in succeeding layers, more regularly alter- 

nating. In most parts of the trank of the Anoura the akin is 

separated by wide lymphatic lacuna, fig. 367, 7, from the sabeuta- 

ee Marsupial pouches, one for each larva, ib. 8, c, 
leveloped in 

Ginalic thabeck of too fo- 

male Pipa: acommon dorsal 

pouch for eggs and larva is 

present in the female Noto- 


epiderm in Perennibranchi- 
ates resembles that of mu- 
reenoid Fishes: in most 4- 
noura the constituent nucle- 
atecells are more condensed, 
fig. 368, 3: in many Toads 
the cpiderm is tuberculate; 
rarely are sealea, and scutes 
on present in the exist- 

ing Batrachin, In Cecilia 
md skin is ringed by trans- 


Female Tp Sarieass Tout, 


a reticulate struc 
ture. In Bufo tuberosus the epiderm forms on the dorsal tuber- 
eles a horny pine in the centre, surrounded by a ring of 
Bufo usper has conical spine-bearing tubercles 
back and) tides of tho trunk: thoes on the upper eye 
Jide of certain Toads have earned for them the generic name 
Ceratuphrys (Roxa cornuta, Linn.). Tn Salamandra unguiculata, 


first hind-toe. In Pipa the 
akin is produced at the end of cach fore-toe into a 3- or 4-forked 
appendage, fig. 367. Asa rule, the Batrachia aro without clawe. 
Pigment-cells, fig. 368, a, are developed in various degrees, and 
of diverse shades of colour, commonly of a dull and neutral or 
mixed tint, but giving to parts of the skin of the land Salamander 
a yellow or orange hue, and painting the surface of the ‘Troc- 
Frog (Ayla) a bright polished green, 
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ee ee en ae Oe 
Spi hia takes ex Soportess aka: engin lo 


i to the mouth, by the help of 
also divested of their cuticle. 
by the hands into the mouth, 


carried co near the end of the tail as 
of the coil; the animal finally 


in area er ser thoso are small and pretty 
Scoxove, = TR coxevntt, vol is ps 108. 
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‘ones to form the deeper layers of the scalcs, and ornament the 
skin of snakes with bi secharemrespacegweests or 
are mostly of a sombre per 

Toe dora is eodeled according to the pattern, contiguous or im= 

Se eae ree farslererigtilaee evolved thereapon. 

‘The blood-veasels form a beautiful and regular network, the area 
corresponding with the shape of the scales, being 

in Coluber natris? with the uiting angle at the centre of 

lee 
‘The skin of the snout developes tentacular appendages in Her- 
tentoculatum. The integument in the Cobras. (Naja) 


‘The secreting follicles of the skin in are chiefly con- 
fined to certain depressions or inverted folds of the denn. These 
in Crotalus and Tri; dus constitute a pit between the 


(nae a peppery 
skin in most Lacertians resembles that of Serpents: the 
i imbricate, i 


, Tribolonotus, lysaures. the 
the scales are small and thin, like grains. The 
* coneex. p. 24, ph. xik * xx. vol. Hi p. 241. 
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66T 
femorales” afford generic characters. They are wanting in the 
Chameleons. Certain malo Geckos have both femoral and sub- 
anal pores. In Pygopus lepidopodus the subanal porea are dis- 
posed in a single series, but in Lialis in pairs, on each side. 

Tn the Crocodilia the conversion of parts of the integument into 
bone is conetant, and the osseous structure shows interlaced or 
crossing fibres, like that of the derm in and from which the 
scutes arc developed. The arrangements and forms of these 
soutes in different genera of recent and fossil Crocodilia are 
described at pp. 198, 199. As in Fishes, the dermoskeleton was 
most developed in the extinct secondary species. In modern 
Crovodiles a serrated crest extends above the tail, which divides 
at the base of that organ. 

A section of the dorsal integument of Trionyx ferox shows a 
thin epiderm, then a thicker layer of clastic fibres, next many 
layers of fibres crossing each other regularly, and producing 
seeming layers of the derm. In Sphargis a superficial portion of 
the derm is ossified, so as to form a kind of girdle to the trunk, 
beneath which is a felt of soft corium, and under thie the endo~ 
skeleton. In all other Chelonia the derm adheres to the periosteum 
of certain neural spines and pairs of pleur- and hem-apophyses, 
whence ossification extends in different degrees into the substance 
of the derm. In most Chelonia o serice of bones are developed 
independently in the derm, at the circumference of the trunk, 
and also above certain neural spines, with which they may or 
may not become anchylosed.' 

Tho dermal bones connate with neural spines are those above 
the nine dorsal vertebre, figs. 370, 371, ch, siesa: they are 
termed ‘neural plates.’ The dermal bones connate with pleura~ 
pophyses are those which take oseification from near the heads of 
the second to the ninth, inclusive of the dorsal ribs, ib. pli-pls. 
‘The dermal bones connate with hwemapophyses are those which 
start from the sternal or abdominal ribs, or coalesced groups of 
tihs, figs. 372, 373, called hyosternal, As, hyposternal, ps, and 
xiphisternal, xs. Ovcasionally, ossification extends into the skin 
from the entosternal, « (Zmyda ceylonensis), and from the epi- 
eternals, es (Cryptopus Petersii). The dermal bones are least 

in the Trionycide, und are not covered by horny epi- 
derm. ‘ Neural’ and ‘costal’ plates are present in all, One 
pair of dermal bones is developed from the hyosternals in T'rionyx 
subplanus; in Trionyx niloticus and some other species dermal 
bones are developed from the hyo-, hypo- and xiphi-sternale, the 


cast pe 165. 
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_ into one more or less flat floor, and all the parts of the carapace 
into one more or less convex roof, fig. 51; side-walls being like- 
wise now formed by the union of the hyo- and hypo-sternals 
with the coextensive marginal plates. In all Chelonia, eave the 
Trionycide and Spkargis, the epiderm of the trunk is condensed 
nto large horny scales, usually contiguous, more rarely imbricate, 
and then only on the carapace. They may be keeled, or rugous, 
or scabrous, but aro commonly smooth and polished, or marked 

only by concentric lines of growth. Their growing margins 
indent the dermal bones supporting them, forming the triradiate 
grooves, e.g. upon the beginnings of the costal plates in the 
young Tortoise, fig. 370, pit, and those marked s1-«5 on the 
“neural and costal plates in the Turtle, fig. 52. The epi- 
Spemenspletesiol the: carapsce and) plastcon are terme = shields’ 
and ‘ tortoisc-shell :’ most of them have gpecial names in Zoology, 
as they afford useful characters in the discrimination of gene ra 
and species; whilst the impressions they leave upon the pee 
bones give similar light in the interpretation of fossil remains, 
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I 
pigmental cells are blended with the tissue of the shields and 


seales, and may ornament the former-with well-marked 
e.g. in Testudo areolata, Emys ornata, Emys picta, &e, 
‘Cutancous follicles 


extensive network of vessels, spreading into dendritic ramifica~ 







tions, too numerous and large for the mere nutritive purposes of 
the skin or supply of cpithelial cells, and therefore probably" 
Viewing the relations ‘ternal 
int its in their to the ex 
| Deeded trces-wid they defend the body, anil by which ey 
ware themselves affected, we may remark that most of the housc~ 
“bearing Reptiles which have the surface of their abode habitually 
im contact with air or water have the epiderm hard and thick, 
whilst those living in ooze or mud have it soft and thin. In the 
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POISON-GLANDS OF REPTILES. OES 


The Crocodiles have glandular follicles, which open at the 
anus, Hunter preserved ‘a section of the skin of a Turtle 
ey to show a gland situated near its anus’! There is a 

lar fossa which opens into the dorsal part of the cloaca, 
close to the termination of the rectum in most Emydians. 

The anal bags in Serpents are two in number, of an elongate 
form, fig. 357, m: they are lodged in the base of the tail, and 
open into the back part of the cloaca: their exeretion hag a 

, disagreeable, nauseating odour, 

§ 102, Poison-glands of Reptites.—The gland which secretes 
the poison in ordinary venomous Serpents is situated on cach side 
the head, anterior to the tympanic pedicle, inclosed in a strong 
eapsule, fig. 145, a(p. 227), and partly nt 
covered by the muscle analogous to 
the masseter, ib. ¢, some of the fibres 
of which, fig. 374, a, are attached ta 
the capsule, ib. 4. On reflecting these, 
a in fig. 374, the gland, ib, ¢, is seen 
composed of a series of elongated 
narrow lobes, extending from the main 
duct at the lower border of the gland 
upward and backward. Each lobe rome sevarsue of the vyer (rye 
gives off a series of lobules, which are = 
again subdivided into smaller ceca. Their seeretion is collected 
into the dilated beginning of the duct which conveys it to the base 
of the poison-fang, f; the bristle ¢ passes from the duct into the 
poison-canal of the fang, the structure of which is deserihed, pp. 
396-398: the gum-capsulec, d, of the reserve-fangs, g, is laid open, 
Tn Hydrophis the poison-gland is of smaller size, narrow, clongate, 
broadest behind, and extended upon the maxillary and ecto- 
pterygoid bones, in advance of the masseter: its eapsule is 
attached to the tendinous tract (p. 228) detached from tho 
dignstrions and ectopterygoid: its duct enters the foremost of the 
series of four to six small fangs attached to the maxillary. ‘The 
bite of these inferiorly endowed venomous Sea-Snakes has proved 
fatal: they are enid to occasionally climb along the haweer into 
ships at anchor; and as they may be drawn in, adhering to it by 
their prehensile tail, or be caught in the fishing-net and hauled 
on board, it is well that their dangerous property should be 
known. 





‘The secretion of the poiso id is a tasteless fluid, drying 
under exposure to air into scales: it is soluble in water, 
¥ xx vol fill ps 279, preps mo, 2190, 
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‘THYMUS OF REPTILES. 506 


In the Frog they lic on the carotids, also close to the basi- 
branchiale, or thyrohyalz. 

Ina Python of ton foot in length the thyroid was an oval body, 
ten lines by six lines in the two diameters, lodged in the fork 
made by the divergence of the large and small carotids, and 
having the smaller thymus bodies, one on each side. 

Tn the true Lizards (Lacertr) the thyroid is single, but broader 
than it is long; in the Monitor it is double: it is single in Geckos, 
Skincs, and Chameleons, but has a more advanced position in the 
latter, where it is underlapped, or covered, by the Iaryngeal pouch. 

In Chelonia the thyroid, as in Serpents, lies between the two 
earotids, but is usually covered by the pericardial part of the 
thymus. The constituent vesicles are from x; to; inch diameter, 
closely aggregated : the epithelial lining contains a row of nuclei 
fmbedded in the granular substance, fig. 

278. Among the contents of the vesicles a7 

were found, in most,‘ one to three yellow- 

ish, coarsely granular globules, x}; to Stas 
salve inch diameter” «A fine large 0010 jos eine wt ot» vee 
hedral crystal was alo geen in one of the  4yw!d ofa twin ecu 
cavities”! 

§ 104. The Thymus Body or Gland of Reptiles. —The ductless 

Jike tubulo-vesienlar body to which the name * thymus? 

ean, with any homological probability, be given makes its first 
in the Vertebrate series with the establishment of 

fangs as the main or exclusive respiratory organ.’ Thus in Siren 
and Proteus the thymus is wanting, as in all Fishes: in tailed 
Batrachia (Menopoma, Triton) it is represented by « pair of 
bodies situated, one on each side, near the origin of the pulmonary 
heel ‘They make their appearance near the same part, but 
rather more in advance of the pericardium, in the larves of 
anourous Batrachia, and often degenerate into fat in the old Frog 
or Toad, In most Ophidia the thymus lies on ench side of the 
carotid, of elongate form and unequal size: sometimes in two or 
more distinct parts: usually associated with, and concealed by, 
fatty matter. In a Python of ton fect in length I found the 
thymus in two bodies, cach about the size of a pea, of a yellowish 
colour, one situated on the termination of the right jugular, the 
other between the origin of the larger carotid and the left jugular. 
Between the thymus bodies was the much larger single thyroid. 
Ts the Peammosaur and Iguana the thymus is broad and flat, 
eovers sternally the thyroid, extends along the common trunk of 


+ COnxxIE, p. 1100, * cxwntt, 











i ion normally commences: it was transparent and 
colourless, a small quantity of pigment being deposited at its root 
only, *Larve from fourteen to twenty days old did not survive 
the loes of the entire tail, probably because they are disabled from 
obtaining the requisite food; but if only portion of the tail be 
‘eut off, it is more or less completely reproduced until its growth 
is arrested by the commencement of the last stage of metamor- 
‘sag Tf « hind limb be cut off when the larva is about two 


So ‘No part of an Anourous Batrachian 
pale at completion of the metamorphosis, not even 


reproduction has beon exemplified 
in respect of the tails of Lizards. Hunter's 

2208-2223, are all from this order, and include species of 
Gecko, and true Lacerta, No instance of the restored 
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proportions 
seem likewise to favour the rupture of 
it is cast off, it continues to writhe for some 
and, when these motions have ceased, exemplifies the reflex 
function on boing pricked or otherwise irritated. 
© Phe degree in which the reproduction of parts is exemplified 
im Fishes awaits the results of experiments. Van der Hoeven® 
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outlet, g. In the Salmon and the Herring the ae 
‘vasa deferentia’ do not unite together until 
near their termination in the urcthra, In the 
Cod and the Bull-head (Cottus) the common 


from the back part of the cloaca in ess ssd museneue: 
viviparous Pecilia, Anableps, and Bleany: = ”**""°™* 
i i Lump-fish. The testes are almost 


it is large also in the 
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est in the Col vant OT ncnsin 
“faee of the glandular substance is packed into a small com- 
| xx vol ive p49, prep es. 2875. 





PEMALE ORGANS OF PISILES. om 


discerned a fissure, which is the ontlet of a blind sac, extending 
forward from the base of the clasper, boneath the muscles and 
skin, at the sides of the cloaca. The inner surface of the cavity 
is smooth, and lubricated by a fluid mucus: the attached vascular 
surface is richly supplied with vessels, especially with veins; in 
the Rays a glandular body adds its eccretion to that of the surface 
of the cavity. 
§107. Female Organs of Fishes.—The gradations of structure 
of the female organs correspond very cloecly 
with those of the male. In the young Lam- 
tne isa simple longitudinal mem- 
plate, fig. 381, ¢, suspended by a fold 
of the peritoncum (mesoarium) along the under 
as the vertebral column : it increases in 
atid thickness as the ova are developed 
in it, and etill more so in length, being accom- 
modated to its locality by numerous folds, fig. 
882. But no superndditions are made to this 
Primitive structure: the ova, d, escape by 
rupture of their capsules into the abdomen, 4, 
and are excluded by the peritoneal aperture, 
ib. 2 fn all other Fishes in which vasa 
deferentia are absent in the male, oviducts are 
absent in the female, But it does not always 
where vasa deferentin are developed in the male, that 
the homotypal ducts exist in the female: the Salmon is an 
example in which the ova are discharged by dehiscence into the 
abdominal cavity, and escape 
by peritoneal outlets, as in 362 
the Eel and Lamprey. 
With this exception, the 
parallelism of the male and 
organs is very close. 
the ovarium is single 
bony Fishes, aa the 
the Blenny, the 
and the Ammodyte,! 
dich the testis is single: 
cleft of the ovary Ta healt 
Ammodyte is deeper < 
nthat of the testis, but the continuity of the two scemingly 
glands is obvious at the upper and lower ends In 
of xx vol it. p 13K, prep. no. 2875, 4. 
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FEMALE ORGANS OF FISHES. 573 


In the Salmon the free surface of the stroma is exposed. In the 
Osseous Fishes that retain and hatch their ova the stroma does 
not extend to the posterior part of the ovarian sac, but this 


serves as a kind of uterus, and contains an abundant albuminous 
secretion at the season of the internal incubation, The vivinarous 
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MALE ORGANS OF BATRACHIANS. ar 


In moet Newts tho testis is divided into two lobes, fig. 387, a, 
one, usually the larger, in advance of the other: I have observed 
three detached lobes or testes on each side. In the Salamander 
there may be one or two smaller lobes or accessory testes, besides 
the two chief divisions of the gland.’ 

Tn tailless Batrachians the testes, in accordance with the shape 
of the bedy, present a full oval form, compact and undivided : they 
are situated, ss shown in the Frog, 385, f; on the ventral 
fide of the anterior half of the 








the urine as well a* the semen. Each uriniferous duet dilates 
oil Seite patie gapeaiges to the kidney, 


yas deferens, in the back part of the cloaca. 
Frog about six transverse efferent ducts, fig. 
longitudinal one, g, extending along the inner (1 
fide of the kidney, which is reflected round 


Bre 


efferent 
proceed, which are inclosed in a prolongation of the tanice of the 
testis for a brief course, and then unite into a vas deferens, 
In the Ophidia the testes, fig. 357,A, 4, are of a more elongate 
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MALE ORGANS OF REPTILES. 8 
stellate pigmont-cells: in the Chameleon they give a black colour 


the cloaca: the efferent tubes 





Mato organs, Draso satana, 


So the bladder. The penis is short, and is indicated, 
im the uncxcited state, sess hy be urethral groove; only the 


In the Emys europea the testes, ag (get convoluted 
‘sperm-duct, ib. c, are separated from Kidneys, ib. 0, by the 
i which, after giving an entire investment to the testes, 


. i 





of the rectum, fig. 390, A,and that of the 
allantoic bladder, ib. x. Erection is fol- 





Derticeecodliee ty the ciogie deter lonsal penis: 
the structure of this algo presents two 
types, respectively characterising the sealed and "=" +e 
seuted groups of Reptilia. 

$110. Female Orgens of Reptilesz.—In the Axolotl, fig. 
_ 393, and Siren lacertina, the ovaries, ib. f, are granular clongated 
bodies, situated on each side of the root of the mesentery. They 








FEMALE ORGANS OF REPTILES. 685 


In sealed Reptiles there is a clitoris or some representative 
trace of the intromittent ongan of the other eex. 

In Ophidia the ovaries, like the testes, are long, slender, and 
disposed one, usually the right, in advance of the other, and 
the ovisacs are developed fur impregnation, in a single longitudinal 
serics in most species, The ovaries arc connected with the begin- 
‘ning of the oviducts by a broad fold of peritoneum. Each oviduct 
commences by an expanded ostium, with a wide fissure, fig. 396, 
@; its tunics, at first delicate and transparent, increase in thickness 
as the tube contracts: here its course is slightly wavy, but it soon 
becomes straight, and, in the viviparous Serpents, expanded, ib. 6: 


Ovhtuiee sent er, Batamunter ‘Ovbincte ase cert, Fro. 


in the Rattlesnake the lining membrane of the oviduct, prior to 
the expansion, is disposed ¢ parallel longitudinal rags. 
The correspondence of the ostia of the oviducts, a, with the 
ovaries in position renders the shorter than the right, and 
in viviparous Serpents it usually contains fewer ova or young, as 
in fig..396. The cloacal terminations of the oyiducts are in a 
semilunar fissure, behind the orifice of the rectum. 

Tn the Lacertians the ovaria usually manifest a slight want of 
symmetry in position, the right being a little more advanced than 








— say 


oviduets. The oviduct commences by a simple elongated slit, 
“opening upon the free margin of the 

mesoary ; the duct soon contracts to badd 

‘almost capillary tenuity,and gradually 

expands as it approaches the cloaca, 

contracting again before its termi- e 

pation. 













presents a series of oblique folds, which gradually become more 
produced and more longitudinal. The oviducts terminate between 
diverging folds of the 


walled part of the oviduct, 
A”, p, fig. 398, is disposed 
in fine longitudinal folds, 





} cancows mem-~ 
Te te ee wean omte et S 
_ tractions of which the ovum is propelled along the oviduct: 


= ASATOMY OF VERTEBRATES. 


ac cee wrmimacom F. where the egg-shell is secreted, the 
meminsme  raecuar, sei thrown into broad irregular muge, 
whien are comcnmed a: Sor a: its termination, x, in the cloaca 
The areter. x. i0em: teiximd the oviduct, a: the allantoic bladder. 
ami -eecam. @. in Son 

Tn Croendiia che wari are more advanced in position, and more 
umpact in torm ami structure, presenting, in the unexcited state. 
x surtece g-anmiazed by minnte ovisaca. ~The abdominal orifice of 
the ovsiuet ha an entire margin; the duct maintains a more 
umiivem diameter. ami sooner get: upon the edge of the supporting 
told of periwmeum than in Chelonia. The lining membrane of 
the hind part of the oviduct is puckered up into close-set undo- 
lating transverse ruge: but these subside gradually toward the 
terminal shell-frming segment, where the membrane shows minute 
longitmimal packerings The oatlet projects into the cloaca 
The clitoris arizes by two crura, and is impressed by a longitudinal 

ve. 

Oe gars in emule Repadkes igeasory 25 pesevatitns abe aad 
remarkable are the temporary tegumentary pouches on the back 
of the female Pipa, fig. 367, 8, c, which, receiving the impregnated 
ova, retain the Young until the metamorphosis is complete. In 
Nototrema and "Opithedelphye there is a large single pouch in 
the mikbile of the back. with the entrance above the vent. It 
serves for the reception of the ova, which are hatched therein. 
This pouch is peculiar to the female, which attains nearly to its 
fall size before the pouch is developed. After the reception of 
the ova, it extends nearly over the whole back of the animal. 
whilst it is shrank and scarcely visible when the season of pr 
pagation has passed. 





CHAPTER XII. 


GENERATIVE PRODUCTS AND DEVELOPEMENT OF 
MEMATOCRYA. 


‘Tue functions of the above-described Generative Organs arc 


Sphere pie tal pee pidieet mes ab 
the ovary: fecundation is the combined act of the male and 
female. A part of the oviduct is usually modified to add 
accessory parts to the ovum, or in subserviency to fertation in the 
Yiviparous Hamatocrya: but, in a few instances, the protective 
and portative functions are relegated to tegumentary wombs or 
marsupia, whichmay be developed in either sex. Exclusion of the 
male generative product is called ‘emission,’ that of tho fomale 
Generative product ‘ oviposition:' but if the ovum be arrested for 
eee ee the cel of the Leto Bi oom 


with scanty fluid medium of suspension: the function is 
‘ey pa attended by 


Bape ces of ao ani 399 
‘This is greatest in Osscous 
Fizhes, in the testes of which, © 





seen, fig. $99, a, containing scemamenunrermaun ran co 
‘one or more spermaton (* cells 
of developement’), ib. 6. These usually escape from the sperm-cell 
az such, and then undergo some change of shape, through the deve- 
Jopement of the spermatozoa within them. ‘The rupture of the 
spermatoon gives issue to the extremely fine capillary appendage, 
or ‘tail,’ the movements of whichextricate the nuclear mass forming 
the so-called ‘hody" of the spermatozoon. In most Osscous 
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rust : in Scymnns niceensis, 
eS. cos “pinall Seco In Spinar acunthias, the RB: 
4:4. the spiral coils are rather closer. usually four 
Raia ozyrhyarkus the cvils are more numerous 
ac clr affect the anteriur half of the body. 

Se Plasictomes the spermatoa appear as one or more nucke 
. sie srerm-cell, like those in fig. 399, 5: but they are not, 
= in Osevas Fishes, excluded in that state.'' In each spermates 

* coon. vol. iv. p. 484. 













SEMINATION OF HAMATOCRYA, sor 


| spermatozoon is developed, which eseapes by solution of the 
peal voll fabs des boereell as in fig.405.! At this stage 
- + icarteanlp aed ip 
| has contained numerous _ 
spermatoa, the “ner peters spermatozoa group 
Rsecnlves tito u bundles ws in Bey 408% their 
bodies are contiguous and acquire the spiral form 
before eseaping from the dilated eperm-cell. 
The spermatozoa are developed in most 
_ Batrackia as they are in the Plagiostomi; a 
sperm-cell 


may contain from ten to twenty 





spermatos, in each of which the spermatozoon ei 
is developed, as in fig. 407, and through s0lu~ posts crmermaceu 
tion of the spermatoal membrane the sperma- "i" sewrsoat 
tozoa become free in the cavity of the sperm- 
cell, where they usually aggregate into a bundle, pressing the sperm- 
cell into a pear-shape, which bursts at its small end, and liberates 
either the filamcntary appendages, as in the Frog, or the spiral 
hodics,as in Pelobates : in either case the remnins of the 
sperm-cell continue recognisable, for some time, ut the bai 
non-liberated ends of the spermatozoa, as in fig.408,a. @ 

In the igncous Toad (Bombinator igneus) the 

lie confusedly within the sperm-coll: — ,.nastsen 

the remains of the spermatoon long adhere, like a 73M ow 
tenons frome 
toy eonrment 
om 





a long cylindrical body, attenuated towards the head, 
which is bes and more gradually shrinking 


408 410 
« 
. cnae 
Barrio of Beermssineen, ( germane f Teowsbiewter at of Rpereatcneet of 
emeapere fre the epee oe, Ths 


into the filamentary tail, which is reflected and coiled in narrow 
* “Sometimes the cutire nucleus becomes a coil of fibre.”"—Burry, ovr. 1842, ple. 
wea 
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+ those about to be discharged are and dark- 
oa ne intended for the next a peer: uniform 
size, but smaller, and partially coloured, and the rest are much 
smaller, colourless, and varying in minutencas. In Plagi 
the ova are fewer in number than in the ‘roe-fiah.’ Prom four 
to fourteen ova, for example, may be deratned at one scason in 
the Torpedo (7. marmorata),’ whilst in the Hering 4, 
25,000 ova, in the Lump-fish 155,000 ova, in the 
Holibut, 3,500,000 ova, have been estimated to fill 
the enlarged ovarian sace, In a Lump-fish, the 
total weight of which was 9 lbs, 8 ounces, or 66,600 
grains, the ovaries weighed 3 Ibs. 3 ounces, or 22,300 
graina: thus they were to the body aa | to3. Each cna oyms 
ovum weighed one-seventh of a grain.* ‘onal. 

In all Fishes the ova are formed in chambers of the ovary, 
called ‘ oyisacs.’"* In Osacous Fishes the oyisac consists of « 
delicate membranous hollow sphere, fig. 415, a, lined by 
epithelial nucleate cells, and surrounded by a thin Jayer of the 
proper tissue, or ‘stroma,’ 6, of the ovary; which, as it protrudes 
with the growth of the ovum into the ovarinn cavity, carries 
before it a covering of the delicate mucous membrane lining 
that cavity. This tunic is not present in Cyclostomes and Pla~ 
giostomes. The first-formed and ossentinl part of the ovum 
is the germ-cell, or ‘germinal vesicle,’ ¢, which, in Osseous 
Fishes, shows several nuclei, maculw, or ‘ germ-spots,’ d, ty in 

only a single nucleus. Around the I there 
accumulates a collection of minute yolk-corpuscles and albuminous 
granules, ¢, with oil-like globules, f, and in some species (Carp) 
flat angular corpuscles are added: all are suspended in a clear 
gelatinous yolk-fluid, and are ultimately ciroumseribed by a delicate 
yolk-membrane, g, devoid of visiblo structure. The increase of 
the ova is due chiefly to the accumulation of the yolk, and its 
colour to that which the oil-globules acquire as the ova approach 
maturity. Finally is formed the external tunic, or * ectosac,"* At 

* oxxxm, 

¥ eceviit. p49, ‘The periodical, but rapid and enormovs iaerease of the hard and 
oft ross in omoous fishos admits of no rigid cinctures, no unyielding bony hoops 
ees 

if Junction wi i 
Weta hctos bs oe neand idity of preg aps for thelr Uimited 
intelligence and pacers eto physiological condition of thelr free or * floating” 
rib xx. Iw, 1838, p. 

* As the homology of this ae a clearly determinable either with the vitelline 
eee ceee Pore SCS Bit, oF will is air of Tat nN aco is 
indieated by tho above term in the description of the ovum of the Osscous Fish. 

VO. 1 ae 
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detached from the eetosne, a¢ it becomes after impregnation, 
the ectosac, A, are closely applied the flattened epithelial 
d, which line the ovisae and probably contribute to the 








* Blenniue,® Esox, Trigla,* a foramen homologous with the 
le of 2 eae al pel Dr, Ransom, its discoverer, 
observed the passage of the spermatozoa through this foramen 
the ovum. Fig, 417, , gives a magnified view of a portion 
the surface of 3 mature ovarian ovum of the Stickleback, 
the funnel-shaped depression leading to the aperture of 
micropyle, with few of the flaxk-shaped villi of the outer 
B diagrammatically a section of the ectossc 
funnel of the micropyle: ¢ is @ portion of the membrane 
the apex of the funnel, with the aperture of the micropyle 
frcont fen, of the ‘Trout’s egg, magnified 500 diameters: D ia 


them.’ 
| In the Batrachia (Frog) a greater proportion of the ovarian ova 
bhow different states of developement, previous to sexual pairing, 
than in Osscous Fishes, although all those destined for impreg- 
q * cuxxvr * coovin, and cocrx.p (101) = exxx. pt Th pt. 
cece 87H fe 6 * corm. p.{101), 
eo2 





OVULATION IN CARTILAGINOUS FISHES. oor 








FECUNDATION IX FISHES. 


“ipeschereregneny Shforantin salet and tetas 
Reptiles are eseent same as in the cartilaginous Fishes, 
‘The germ-cell, with a single nucleus, is first formed in a delicate 


fand Ozecous Fishes, and == tmest itive enw pen sat tt 


thereto, the rest of the yolk being nutritive. The ovum, con- 
‘isting of the above parts, inclosed in a vitelline membrane, quits 
the ovary and is received into the oviduct: here it acquires a 
certain proportion of soft albumen, upon which is condensed a 
‘thin tough layer, called ‘ chorion.’ In the ovo-viviparous Snakes 
(Vipera) and Lizards (Zeotoca) this membrane is thin: in the 
species it acquires a crust of calcareous matter before 
‘exclusion. ‘This crust is very thin and scanty in most Serpents 
and Lizards, but is thicker in Chelonia and Crocodilia, forming a 
shell. The egg iz spherical in some Chelonia, spheroidal in others, 
fig. 420, r, “disea veda? 399: in the Crocodiles the egg 
“chester eat - 420, £, In no reptile does it show the 


Baca: Fecundation in Fishes,—Certain changes and peculiar 
phenomena attend the increase of size of the soft and hard roes 
during these primary processes of ration, The colours of 


fish 

are often ae by peculiar ints, as thé vale Stickleback 
by his bright red throat, for example, The cutancous crest on 
the head is developed in Salarias and many other Blennioids, eg., 


nut 





FECUNDATION IN FISHES. ‘601 


ensure intromission. The superadded claspers in the male Plagio- 
sstomes lend more effectual aid in the act of internal impregnation, 
for in those species that are oviparous the ova are impregnated and 
covered by a nidamental coat, or ‘shell,’ prior to exclusion. 

Tn Osscous Fishes, where exclusion usually precedes impregna- 
tion, the firet change observed in the 
ovum after entering the water is its im- 
hibition, cansing a separation of the outer 
‘tunic from that of the yolk, fig. 421, a. 


swith the passage of the spermatozoa 
the micropyle, which he ob- 

in his experiments on the ova 

of the Stickleback! In these ova, 
‘about three minutes after impregnation, 
the fannel of the micropyle, which had 
descended into a depression on the 
upper surface of the germinal part, fig. 
421, 2, began to be withdrawn by the 
recession of the external membrane from 
the surface of the yolk and the forma- 
tion of the intervening clear space. 
| About ten minutes after impregnation 
the clear respiratory space is more 


large oil-globules, is distinguishable by orm eget ae 


opacity 

the yolk, ib. 4. In the Perch it presents a greyish, in the Pike 
& yellowish, tint. The germinal vesicle, which had previously 
become filled and obscured by granules and granular corpuscles, 
‘breaks up to form, or contribute to form, the germinal layer, 
which now becomes more circumscribed and distinct: the process 
‘of segmentation, which follows that of impregnation, is limited 
eae portion of the yolk, with which it is co-extensive, 
In the Perch the ova assume a greenish tint shortly after impreg- 
nation. There is reason to suppose that impregnation of the 
eggs of both Sharks and Rays takes place in the ovarium or the 
coutiguous part of the oviduct, for they become enveloped in the 
eee of the ee etal a anne st Oe 
passed at part, wi covering wor event the eubsequent 
influence of the tOZOR. a : eed 


§ 115. Developement of Fishes.—The germinal layer consists of 
¥ Cited In ccovuts p. 98, 
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ieee vison tp: 408, J i: A layer of epithelial cells forms a 
met-work over the whole dorsal (upper) surface of the embryo. 
In the germ-mass broadening from the primitive trace oblique 
stris appear, indicating its division into segments: these begin~ 
nings of aponeurotic septa probably accompany and support ner 
vous productions from the myclonal columns, 

‘Two tranzverse constrictions begin to divide the cephalic 
enlargement into three lobes, the second and third of which 
expand into vesicles; an accumulation of cells at the sides of the 
middle expanzion appears to add greatly to its breadth, but forma 
‘the basis of the eyes. A similar accumulation of darkish granular 
Pistiar tai cach sito of tha third ealafgeceent lays the Sonodétiats 
of the acoustic vesicles, 

‘The differentiation and confluence of the cell-constituents of 
the primitive trace have previously led to the formation of a 
pair of albuminous chords along the sides of the median furrow, 
forming the myelon proper ; the cells exterior to and above them 
are converted into muscle and fibrous septa, whilst beneath the 
eee aes Aled cylinder, with a transversely striate 


the yolk, Both head and 
the now cylindrical em- ‘ 

bryo are liberated from the sur- Saal stentero Fein comets, 

face of the yolk. A fold of 

DBiastema, reflected from the under part of the head, sinks, like a 

pouch, ib. /, into the yolk, and soon includes the rudiment of the 

heart, like a bent cord, ib. 4, which begins to oscillate about the 

seventh day. From the mid-line of the inferior surface of the 

or its mucous layer, two longitudinal plates descend, 
diverging into the yolk-substance, and form the primitive intes- 
tinal 





‘The ophthalmic vesicle, ib. g, clongates and curves outward, until 
the two ends almost come into contact: between those ends and 
beneath the delicate tegumentary layer connecting them the 
crystalline lens, ib. 4, is formed. About the same time, the 
otolites appear in the acoustic vesicles, ib. f, and these haye now 
aequired a cartilaginous case, The cerebral lobes, 7, begin to 


— 
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‘as those ends approximate each other. The choroid appears in the 
ghee eel eel en 
“Parehcapeia p vada eer: Teagan Se si 

the embryo, especially im the ovum of the Salmonida, and is a 
to the piscicultarist of the impregnation and vitality 


PPG es coal specs of tin Gotcatod ‘ejedly <laagreaes O38 
behind forward, the yolk advancing in position. The anterior 
exeum also elongates from before backward: the open part of 
the intestine, which communicates with the vitelline sac, becomes 
im the came measure constricted. 

When the two divisions of the heart are bent upon one another, 
the liver shows several small cxea, which rapidly multiply, and 
become opake: it is situated, fiz. 424, J, behind the heart and 
above the yolk, now becoming reduced to a globule of oil, which 

i long retained in the young Perch. 

‘The primordial kidneys appear as two parallel rows of rounded 
cells, above the liver, their ducts uniting to forma tube, which 
runs above the intestine, and dilates ubove the hinder cweal end 
of the gut. 

Fete cceeal fant togse 00 baht the 
rh #5 GEL acears tocoat at thi “Hala: cb A bak AGS 
the tail, and returns along the belly as far as the vitellus. Large 

are spread over the yolk-sac, which become stel- 

Mascular fibres appear in the myocommata as transparent 
cylinders, without the transverse strie: they move the tail 


fo rotate in the egg. This has increased in size by imbibition 
of water, and its external coat is thinned by stretching; it now 
gives way, and the embryo is extricated, about the tenth day in 
the Pike and the twelfth day inthe Perch. The size and shape of 
the yolk-ac, fig. 424, c, vary in difforent kinds of Osscous Fishes.' 
‘The vitelline vascular network, ib. d, ix the first organ 
of the fish: its divisions carry the blood-discs only in single files. 
‘The outer tunic covering the vascular one pormits the interchange 
of gases between the blood and the water outside. This 
or arterial blood is mixed with the yenous blood which is returned 
to the heart by the cardinal veins, and is distributed, so mixed, 
hy the arteries. The vitelline capillaries gradually exchange a 
reticulate for a parallel longitudinal course, with diminution of 
* In artificial young trout, and char, show a di in exri- 
Nelle Waa journos ot oy Gat hed cai ss Beco atone 
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slit Sear ails eels td Cxcaval 
yA with bhaddises in Snzle file: seovodary 
forth sc right angles w the yeimary ones. thrvazh 
Sar teed currents flow: the primary buds become the 
wafer ints which the secondary ones are developed. 
winvras axis of the arch and stems next appears 
Tie perodtranchia aly shows itself behind the ere. in the fom 

€ Eactenei eongatel folds, through which the blewd courses at 
afew vascular keys. In the Anabas, and probably other 
= ranches. the 

Teservoir, 
retains a com- 
parative desree of rim- 
Hicity unt] the fish is 
fall-grwn. 

The intestinal canal, 
after the formativn of the 
mouth and vent, retains 
ite unifurm diameter, ex- 
cept where it is partly 
surrounded by a mass of 
the cells, in which the 
liver, fig. 424, I.is developed: the gall-bladder appears to bea cecal 
production from the intestine, independently of the liver. Opposite 
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as a rule, is the form and structure nequired by the tail in 
ting ‘Leloostomous Fishes: but the ‘heterocercal’ modification 


gristly skeleton, and uncovered gill-slits, the embryo 
Pike, Perch, &c., manifest transitory characters which 


singular productions of the rostrum in most Plagiostomes, 
the elongation of the jaws in osseous species, are later 
: of developement. It is interesting to find the broad, 


e rarity of the Ichthyolites of this formation presenting a 
view of the head: it lies in most cases upon the upper or 

under surface of the body. 

Plagiostomes have the external as well as the internal 


Fishes, and it is beset with villi 
Carcharias and Zygena.! 
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arirzo Cartiagtnceny fit, Spin, 


he 
the external yolk, d’, as this is 
progressively’ squeezed into the abdomen by the contraction 
and interstitial absorption of its tunics, ¢’: and, as no part of the 
foetal alxlominal appendage is cast off, nor the chord divided, there 
ia no cicatrix—no umbilicus. ‘The arterial vessels of the yolk arc 
derived, not from the mesenteric vein as in Oxscous Fiahce, but, 
* exci. 00 iii, 
You. 1. BR 
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‘compensate for the chances that may interveno to prevent the 
‘contact of the milt. 
$118. Growth and Nests of Fishes —When developement has 


ater slowly, in size. Growth is accompanied in 

| by changes of colour, in some by a greater propor 

 Eepheeheete aera 

‘or by increased length of a rostral prolongation—sword or 

+ other weapons, a3 the dorsal spines of Cestracionts, 

and , and both dorsal and pectoral spines of Sheat- 

Edis, scquirc length avd hardness, or dentate borders, in the course 

External sexual characters arc assumed, as shown in 

form and structure of the ventral fins in some Oxseous Fishes, 

) | epee of Plagiostomes, and of the mar~ 

if i pouches of Lophobranchs. Larthe Dekeiaa eae 
| t), the cranial crest and fore-part of the dorsal 

aouch proportional height that young pierre": 

feet im length were ‘referred by Cuvier to a distinct genus 





Ina Fe ranips td angen scxcnpanring pont eoee TE 
is. The edentulous state of the young Lamprey, 
and the semicircular form of the upper lip, are exchanged for the 
‘suetorial multidentate mouth, shown in fig. 277. The external 
1 Recaachial eperiures enlarge, and the farrow in which they at first. 
open disappears, The perfect form of the Lamprey is not attained 
until the fourth year. During half or two thirds of that time, the 
Petromyzon presents a form which Serene 
ada of Cyclostomes (Ammocetes)2 The Leptocephalt 
eile Jarra ck scmo larger Known fik+ they Ker caran 
heen observed with roe or milt: the same may prove to be the 
case with Brauchiostoma, 
“Tn almost all the Teleostomes the body of the young is more_ 
) cocxxxrm. * caxay, fi, pe 405. * cooxxvn. p. 523, 
ang 
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impregnation, 
young were excluded. They measured §ths of an 


and of a light red colour: the tail was mangined 
tadpole, with a continuous fin ronning from the 
the anal beneath. The vitelline sac and its con- 
rbed by May 30th, or in about fifty days, until 
st young fish did not leave the gravel of the hatch- 
is quiescent state in their place of concealment, from 
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Osscous Fishes; but the time varies in different 

much shorter in the Tench, Perch, or Pike, for 

in the Salmon. When the ydung Salmon mea- 

inch in length, the vertical fin begins to divide itself into 
, caudal and anal fins; and the transverse bars 

th 

in 


iW 


? 


¢ body make their appearance. It is very active, 
in the shallows of its native stream till the fol- 
spring, when it has attained the length of from three to 
inches, and is called the ‘May-parr.’ Tn this state tho 
into deeper parts of the river, and are believed by 
remain there over the second winter. The weaker 
but the stronger fish proceed to the estuary at 
pril, the caudal, pectoral, and dorsal fins assume a 
lateral bars begin to be concealed by a silvery 
the migratory dress, characteristic of the 

It,’ is assumed. Such fish begin in April and May 
congregate in shoals and to migrate seaward; they return in 
August, of a size proportionate to the length of 
the estuary. A smolt may not exeeed two ounces 
goes to sea: after a few months there it may 
‘grilec’ of cight or ten pounds’ weight: fat 
‘ight months old it becomes a Salmon of from 
pounds’ weight’! Tt may subsequently acquire 
forty pounds’ weight, and upwards, 

Syngnathus acus the sexes come together in the month 
and the ova pass from the female and are transferred 
subeandal pouch of the male, fig. 426, x, being fecundated 
fransitu, and the valves of the pouch immediately close over 
them. In the month of July the young, ib. o,o, are hatched and 
quit the pouch; but they follow their father, and return for shelter 


# ecoxxy. p. 120. Experiments on marked fish have proved thie extraordinary 
Fee of growth, cocxxxiv. p. 57. 
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OVIPOSITION OF REPTILES. oz 


serpents, 
worm (Anguis fragilis) and nimble Lizard (Zootoca vivipara), botl 


gical Gardens of Amsterdam.’ The old constricting se 
‘would soom all to be oviparous; but instead of excluding the egga 
where would have the advantage of ane 


London Zoological Society, states that the incubation lasted mare 
than three months.* More exact observations have been maile on 
etre kar In the Python bivittatus, in the ‘Jardin dea 

: | at Paris, copulation took place on the 22nd of January, 
and the act was often repeated until the end of February. On 
the Sth of May, the female excluded fifteen egus, between 6 a.m. 
and 930 am. The eggs were all separate, of an elongate oval at 
the moment of exclusion, with a flexible greyish-coloured shell : 
they soon swelled into an elliptic shape, both ends becoming equal 

| im size, and the shell, as it dried, became hard and of a pure 
white. The temperature of the female augments several degrees 
above that of the surrounding atmosphere, and is very sonaible to 
the touch when she has disposed herself in incubating coils about 
her eggs. Between the 3rd and 7th of July the eggs were 
hatched. The mother did not cat during the incubating period, 
‘but several times drank with avidity water which was offered 

to her, indicative of a sort of febrile state. The heat of the body 
gradually fell towards the end of incubation? 

‘A aimilar phenomenon in the case of a Python Seber excited 
the public curiosity at the Zoological Gardens of London in 1861 ; 
‘the temperature of the body rose to 96" Fahr. between the incu- 

ing coils.* 


The Lacerta agilis lays her eggs, fram twelve to fourteen in 
number, in hollows which she prepares in the sand, and, having 
deposited the eggs, covers them with sand, and leaves them to be 
hatched by solar heat. The Iguana oviposits in the hollows of troos: 
the egys, about forty in number, are oblong, about an inch in 
length. Most of the Lacertilia are oviparous; but the details as 
to their oviposition are scanty: the shell is slightly ealcarcous. 

All the Chelonians are oviparows, and the shell is calcified 

* cooxexvny, p. 268. Tbe p. 188 * ccoxxre. 
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it into two ellipsoid masses, ib. 4. About the fifth 

cleft appears, near the point where the first com- 

the first at right angles. If an ovum in this state 

frozen, it splits into four segments of a sphere. Fissures next 
Detcarrg id sitios exerted’ ee 

4 wi exe +f, 9sfig- 452. New 

* furrows follow, ib. h, crossed ae ee “equa 

focal’ ones, until the surface of the yolk presents the form of a 

, blackbe: Further subdivision proceeds to such an extent as to 

, Tend the surface again apparently smooth. ‘This series of pheno~ 

Seine can the Socation of the german oC ee 


face of the yolk has resumed its smoothness on the 
peripheral colle become filled with dark pi; 

d constitute a general ‘cambium’ or outer investment, fig.428, a. 
the point where the formation of this investment, as well as of 
the germ-mazs, began, an ominence appears by the d 

“of new cells beneath the investment, which loses its colour at this 
“part, indicating the first rudiment of the embryo as an oval clear 
divided at ita hinder end by a crescentic fissure from the 
yuows yolk, and with its anterior end sunk therein, Tho 
brso pe lcst hey snoumlais, same.» Plyoa eae 
| their different strata are seen by transverse sections The 
Superficial appearnnce of the embryo is an oblong rising, 








h spermaticed cell progeny of the germinal vesicle with other elements of tho 
[poMioevtotanbs appear (o ben neeenssry prelnde ts eegeentation, 








peter 
circulation is compl 


branchial cay 

swith epithelial ells, | arow 

the heart, Between the opal hemal arches interspaces are 
opened, with the bueco-branchial cavity, and from 
one of these the budding gills begin to 


level of the rest of the germinal basis; the shorter and more 








Thave united along the "sl stion Rater ot rut. uur 

and two of the hwmal arches have become complete 
below the head, but, in other parts, the neural and hamal canals 
are closed only ¢ corresponding Jaming in a state of mem- 
rg sie lg ei 


Seciatrsle rapidly grows, and the chicf 

the gills: each of the two lateral 

haye vascular and richly ciliated 
additional leaflet is sometimes devo- 

Sed tem de tas of the binder gill. ‘The current of the 
pa tile apaiieaeeApe gt apernee o- 
each stem or main branch of the branchis, and a 


regular manner, and the 80 transparent 
of blood is distinct! a beautifully visible.”* 


beak, 
rounded by a lip armed ith ote ssopliea Settles al ol 
projecting behind the mouth. The 


is continued to the long 
canal at the fore-part of the 


M part of the germ-mass, and 
cells, with their nutritious oil-globules, 
—rerepreet hag it serves to nourish the growing embrye, it also 


* cooxwit, ps. 108, 
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The embryonal cells that lay the foundation pth fea 
fig. 434, ¢, are situated in the angle between the int yolk= 
mass, ib. 5, and the stomach, ib. c; not behind it, aa in Fiches, 
fig. 435. They form a hollow gland or cacum with a wall of com- 
pacted cells; and, after a communication has been established with 
the gut, other cavities or exea pullulate in the cell-blastema, and 
the liver becomes conspicuous. * Nowhere,’ says Reichert, ‘ is the 
new generation of cells within parent-cells #0 obvious as in the 
blastema of the liver and pancreas.’* The ee eee 
8, havo now begun to be developed between 
sell ge intestinal plates, and the ducts of these, 
together with the anal prolongation of the intestinal tube, open 
upon the temporary tegumentary vent, In the Tadpole, as in a 
. the mouth is destitute of tongue, but at the entrance of the 
mouth over the lips we find among the cartilaginous teeth at 
that region numerous conical-shaped bodies. These labial Papillae 
consist of an external border of vase epithelial cells 
with cilia, The tongu its appearance when the fore limbs, 
fig. 433, 54, 55, are ¢ ‘The habits now alter: the Tadpole 
no longer feeds on decomposing substances, and cannot live long 
immersed in water. A the ates mga Me 


plex 
reached their full 
finally disappear ; fae 


|, leaves only one small external orifice, by which the 
J etreams he mouth continue to be expelled. 
‘seen like a crescentic cicatrix, 

> left eye, in the larva of the Rana 


part which those stone ey wl be Seay 


the following deseription and figures of the vascular transformation 
as observed in the Newt. When the gills are in full developement 
* ccoxxvan. * xm vol v. p77, preps nos 9286-8237, a, 
Yor. 1 $8 
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a size that gives it the character of the aortic arch. The pal- 
yestel, 4, now 


rence crea daring seorsiont @in;tatral 


of the anastomotic canine! fata a recurrent of one of these : 
it is thus converted into the carotid arteries. i higher Reptiles 
ote seal of 1, 1, are pica’ fe Ecce es a common trunk 


higher Reptilee # is sul more shortened, and Sally 
as the ‘ductus arteriosus" on each side. ‘The orbital 


‘The first or hindmost of the primitive vascular arches is now 
‘converted into the pulmonary artery, 
and the blood which was tranamitted 
by 9, ge. 435 and 436, CE 
from the largest of the ¢ - 
Jungs, 


“Change 9 hn hemmed some alee abeory 
Viewief akin, Newt CLARE 
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at that date, was reduced to a stump, fig. 441, on the 18th, and was 
removed by May 20; the metamorphosis being fully completed, as 
in fig. 442, in all the tadpoles by May 22, 


‘hipedaa Tadpole. ‘Young Frogs 


"The figures 438 to 441 ‘liastrate tho thief outward changes which 
accompany the batrachian metamorphosis, as exemplified in Rana, 

Tn Bufo the tadpole is smaller and blacker in all the stages of 
growth and metamorphosis. In both genera of Anourans the 
growth is greatest at the phase figured in 439; with the subse- 
quent phases the bulk of the body is diminished : and this is 
remarkably the case in the Rana paradoxa. 

In the Newts (Z'riton) the gills are in three paira, larger and 
more complex than in the Frog: the fore-limbs are the first to 
emerge, and the gills persist long after the hind-limbs are deve~ 
loped. If Inte hatched and in a cold season, the gills may be re- 
tained through the ensuing winter: they are absorbed before the 
next breeding season comes on. 

Much ingenious conjecture has been expended on the influence 
of external circumstances and internal volitions and efforts 
the struggles for existence in the origin of Tae by ao 
transmutation; and their succession on this 
peecasvely assigned to such causes. Tait cosa 

Batrachia we seem to have such process carried on before our 
iat to its extremest extent. Not merely is one specific form 
changed to another of the same genus; not merely is one generic 
modification of an order substituted for another; the tranemu- 
tation is not even limited by passing from one order (creas 
another (Anoura): it affects a transition from class to class. 

Fish becomes the Frog; the aquatic animal changes to the terres- 
trial one; the water-breather becomes the air-breather ; an insect 
diet is substituted for a vegetable one. And these changes, sore 
over, proceed gradually, continuously, and without any interruption 
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returning by the ‘ umbilical’ or 
m to the vitelline, ih. , ix 
one of Batrachians and 








r | 
DEVELOPEMENT OF REFTILIA. 633 


nection with the mid-pair, as shown in fig. 332, p. 604, at A. 
‘Phe returning blood from the expanding lungs leads to the deve- 
Jopement of a distinct chamber in the auricle, which finally be- 
comes the left auricle. Partitions in the bulbus arteriosus effect 
@ distinct communication of the pulmonary arteries with the 
ventricle, and a division of what now becomes ‘ aorta’ into two 
trunks, Of these one is appropriated to the left of the primitive 
fair of middle arches ; the other becomes the trunk of the right 
arch of that pair, and also of the anterior pair in course of 

into brachial and carotid arteries. The * ductus arteriozi, between 
the anterior and middle arches (fig. 332, A), are usually absorbed 
(as at », fig. 334): those between the posterior and mnie arches 
(p, fig. 335) are longer retained through the same course of change. 
‘The trunk, which gives off the carotids either exclusively or in 
common with the brachials, is posterior in Reptiles to the trunk 
‘of the left aorta, and to that of the pulmonary artery. With the 
developement of septa in the bulbus, there proceeds a like change 
in the ventricle itself, but it does not reach the condition of a 
complete ‘septum veniriculorum’ until the crocodilian type of 
Hematocrya is attained (figs. 339, 340). 

‘The substitution of kidneys for Wolffian bodies is preceded by 
an enlargement of the latter, fig. 443, f, at their middle part, 
with attenuation of their ends: the 
true kidneys begin to be formed at 
‘the upper medial part, and their uri- 
niferous tubes are larger and more 
convoluted. The genital organs 
‘appear as a narrow white band upon 
the ventral side of the Wolffian body. 

The developement of the brain 
‘closely resembles that in the Fish 
(pp. 604, 607), but it soon bends 
down at a stronger angle with the 
myelon. The cerebellar fold is first 
distinguishable; afterwards the de- 
flected anterior part of the encepha- 
jon becomes divided into mesen- 
cepbalon, cerebrum, and olfactory 
lobes, and the cerebrum speedily 
attains ihe superiority of size which 
Gistinguizhes the brain of the Reptile from that of the Fish. The 
pineal gland shows a lange Proportional size in the embryo Turtle, 
as does also the ‘thalamus’ or lower lobe of the mesencephalon, 


aan 
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neural arches of four vertebral segments are plainly indicated in 
the developement of the reptilian cranium. The hamal arches 
muke their first appearance as pairs of élender rib-like bones: 
the foremost, fig. 444, a, becomes the palato-maxillary arch ;* the 
next carly shows more clearly its division into the pleur- and 
hwm-apophysial parts of the tympano-mandibular arch, ib. 4; the 
third, ib. ¢, is the hyoid arch > the fourth has no longer the 
cephalic relation which it shows in Fishes; and the four neura- 
pophyses are matched below by only three hwmapophyses in the 
reptilian cranium. 

In tho oviparous Snakes, Natriz torquata, &.g., & certain 
progress in the developement of the embryo is found to have 
been made when the egg is laid, ond the rest is completed and 
the young extricated in the course of about two months, sooner 
or later, according to the surrounding temperature. 

When developement has adyanced to the formation of the 
amnios about the embryo, the head is diztinct, and ehowa the eye- 
ball and ear-sac ; also the maxillary and mandibular processes and 
the beginning of the hyoid, with the intervening depressions, mis 
called ‘ branchial clefts :’ the heart, as a sigmoidally bent tube, 
fills the concavity between the frontal process and the chest: 
the allantois has protruded, as a globular vesicle, about the size 
of the head; and beyond its emergence the tail forms a single 
spiral coil: the vascular area on which the vitelline vessels ramify 
covers half the food-yolk. The long trunk of the Serpent grows 
in a series of decreasing spirals, and when five or six are formed, 
the rudiment of the liver and the primordial kidneys are dis- 
cernible. Fig. 444 shows the embryo at thix period magnified 
four times: a is the amnios, ) 
the allantois, d its tubular stem, 
produced from the cloaca, or 
*urachus:* the frant view of the 
head shows the ‘frontal process,’ 
o, and the bases, n, of the palato- 
maxillary hamal arch. The pri- 
mordial kidneys are remarkable 
for their length: ¢ indicates o 
portion of tho vitellicle, With 
the dilatation of the fore-part of 
the alimentary canal indicating 
the stomach, a small appendage, the pancreas, appears, marking 
the beginning of the intestine. The lungs are next seen a8 a 

' cooxxx, taf vil, fg. 11, 6 * Oberklefen? 


Embryo Ranke (Merial. CREE. 
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Tn figure 447, the vitel- 
liele of a Viper, at a more 
advanced period, showspart 
of the food-yolk entering 
the abdominal cavity, at a: 
the ductus vitello-intesti- 
nalis, d, is reduced to a 
thread: 7 is the intestine, 
and A the kidney. 

Figure 448 shows the 
body of a Viper just before 
the period of extrication 
from the egg - coverings ; 
the parietes of the abdomen 
‘are partly removed to show 
the yitellicle, b, which has 
now become inclosed in 
that cayity, with almost 
complete obliteration of the 
umbilical cieatrix: a, the 
remains of amnios and al- 
Iantois: d, the much short- 
ened ductus yitello-intesti- 
nalis: g, the liver: ff, the 
stomach ; f, the duodenum: 
xm, the small intestine: the 
other letters indicate the 
same parts as in the pre- 
et, 

@ gray ‘iper is more 
than usually sluggish, and 
loves to bask in the hot 
sunshine, turning her belly 
as if to court the aid of the 
extraneous warmth in ac- 
celerating the internal in- 
enubation of her eggs. 

Figure 449 shows the 
ege and embryo of the 
Monitor Lizard near the 
period of extrication: @ is 





‘Viollice of a Viper at « more stensced periot, showing the 
(700k parGally tabe> tt Oke weslnad owvitg, RAL. 





Doty fs Viper jt before Wis batches i. 
the remnant of the food-yolk: 6 the amnion laid open te show the 
embryo, @; its long trunk and tail are packed in spiral folds as 


lm 
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Jom,’ with the omphalo-mesenteric vessels 3 b is part of the allantois 
with the allantoic or ‘umbilical’ vessels, i. The outline of the cara- 
pace is just marked on the back of the embryo, and the proportion 
of the vertebral column not so modified sppears to be greater, as 
is its resemblance to the type-form of Reptile, than in the adult, 
‘The condition of the earapace and the outward form of a Fresh- 
‘Water Tortoise (Emye) is shown in figure 451. ‘The amnios, a, is 
| turned back to show the posi~ 
| tion of the limbs und head in 


the carapace and plastron of 
the Clelonia: and this has 
een explained at pp. 557-9, 
tnd illustented in Sgn 360-72 
When the Turtle is hatched, 
the benes of the head show 
_ different degrees of ossification. 
‘The premaxillary and preman- 
ibular are most advanced for the purposes of feeding; the maxil- 
eee eet 2 the mene 
and parietal come next in hardness. The superoccipital shows an 
outer layer of bone, the rest being gristle; the bastoceipital and 
axispbenoid begin to be ossified from the centre; the aliyphenoids 
and exoceipitals are still cartilagmous. 

y gen begin tn ehiow the dig Ch ee 
carapace ix outlined, and cartilages of the metacarpals am 
metatarsals are first discernible; the phalanges are composed of 
compacted polygonal cells at near the term of incubation, which 
then become ‘cartilage cells,’ widely divided by biastema. The 
Jong bones of the limbs show a thin outer crust of bone inclosing 
cartilage, which is progressively ossified, solidifying the shaft, 
Without subsequent excavation ‘= oF medullary cavity. 

vou. 1. 
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A Practical Dictionary of the 
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Inquiries. By the 
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Senin, fep. Se each. 
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Edition, 8vo. 8s. 6d. 
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‘Translated by Admiral W. TH. Surrn, 
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and 358 Woodcuts, 2 vols 8vo, £2 5a. 


‘Arago’s Meteorological Essays, with 
Tntrodaction by Baron Hcxpovor. ‘Trans- 
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Saturn and its System. By Rica- 
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‘The Weather-Book ; s Manual of 
Practical Meteorology. By Rear-Admiral 
Roget Fitz Ror, RN. FBS Third 
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Saxby’s Weather System, or Lunar 
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Edition. Post 8vo, 40. 
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By Sir | 


a , Geographical, Sta- 
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| inthe World, By J.B MCouocu. With 
| Maps 2 vole. 6vo, 685. 
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A General Dictionary of Geo- 
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Gaxetteer of the World. By A. Kurrat 
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‘The Geography of British History ; 
Geographical Description of the British 
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Fema. By Sir W.J.Hooxer, KU and 
GAL Watxra-Anxors, LED, 12mo. 
with 12 Plates, 142. or coloured, 214. 

Bryologia Britannica ; containing 
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Loudon’s Encyclopedia of Plants; 
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London's Encyclopedia of Trees and 
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A Course of Practical Chemistry, for the 
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‘The Diagnosis and Treatment of 
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Diagnosis of Pregnancy. 

Hewitt, M.D. Physici 
Lying-in Hospital. "8vo. 168, 

Lectures on the Diseases of In- 
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Exposition of the Signs and 
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8vo. with Illustrations, 258, 
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of the Organs of Circulation, Locomotion, 
&e 2. 


Vol. IV. Diseases of the Organs of 
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Lectures on Surgical Pathology, 
ByJ.Paorz, FR.S. Surgeon-Extraordinary 
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Svo. with 117 Woodeuts, 218, 


A_ Treatise on the Continued 
Fevers of Great Britain. By C. Murcnisox, 
MLD. Senior Physician to the London Fever 
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Anatomy, Descriptive and Sur- 
gical. By Hexny Gray, F.RS. With 
410 Wood Engravings from  Dissections 
‘Third Edition, by T. Horates, M.A. Cantab. 
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"The Cyclopedia of Anatomy and 
Physiology. Edited by the late R. B. Topp, 
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A Dictionary of Practical Medi- 
cinn By J. Corzaxp, MD. FRS. 
Abridged from the larger work by the 
Author, assisted by J.C. Cortaxp, MRCS 
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| Dr, Copland’a Dictionary of Practical 
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The Works of Sir B. C. Brodie, 

| Bart. collected and arranged by Cusnus 

Hawxis, F.RCS.E 3 vole gra wit 
Medallion and Facsimile, 438, 


Autobiography of Bir B. C. Brot, 
Bart. printed from the Author's materits 
let in MS, Fep. 4s. 6d. 


Medical Notes and Reflections. 
| By Sir H. Hounaxp, Bart. MD. Thin 
Edition, 8 vo. 188, 


A Manual of Materia Modic 
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|  Peretma’s Elements by F. J. Panne MD. 
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Dr. Pereira’s Elements of Masters 
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A. 8. Tarvor, M.D. and G. 0. Rees, MD. 
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Manual of the Domestic Practio 
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F.RCSE, Second Edition, thorvaglt 

| revised, with Additions. Fep. fa 
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The Voyage and Shipwreck of | 
St Paal; with Dissertations on the Ships i 
and Navigation of the Ancients. By James 
Sur, FBS. Crown 8vo, Charts, 8¢. 6d. 


A Critical and Grammatical Com- 
‘mentary on St. Paul's Epistles. By C. J. 
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and Bristol, 8ro. 
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Rev. T. H. Horne’s Introduction - 
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Rev. T. H. Horne’s Compendious In- 
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The Treasury of Bible Know- ' 
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Every-day Scripture Difficulties 
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Matthew and St, Mark. By J, E. Prescott, 
M.A. 8vo. 94, 











The Pentateuch and Book of 
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‘The Pentateuch and Book of 
‘Joshua Critically Examined. By Prot. A. 
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‘The Formation of Christendom. 
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The Life of Christ, an Eclectic Gos- 
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‘The Hidden Wisdom of Christ 
and the Key of Knowledge; or, History of 
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2 vola. 8vo. 28s. 
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Beginnings and Prospects of Christianity. 
By Baron Buxsex, D.D, 2 vola. 8r0. 80s. 


Outlines of the Philosophy of Uni- 
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Analects Ante-Nicana. By the same 
‘Author. 3 vols. 8yo. 42s, 
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IIE, Maxsixe, DD, v0. 106. 6d. 
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H. B. Witsox, B.D. C. W. Goopwin, MA. 
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Post dto, 164, 
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Fellow and Assistant-Tator of St. Catherine's 
Coll, Cambridge, M.A.C. With 11 Woodeats. 
‘Square crown Bvo. 12s. Gu. 
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Mlastrations, 8r0. 184, 


Camp and Cantonment; a Journal 
of Life in India in 1857—1859, with some 
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‘Narrative of the Pursuit of the Rebels in 
Central India by Major Pacer, R.FLA. 
Post 8vo. 10s. 6d. 


Explorations in South-west 
‘Africa, from Walvisch Bay to Lake Ngami 
and the Victoria Fal's. By Tuosas Barres, 
F.RGS. &vo with Maps and Ilustra- 
tions, 21, 


South American Sketches ; or, a 
Yisit to Rio Janeiro, the Organ Mountains, 
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Hirvcuuirr, MA F.RG.S, Post 8vo. with 
‘Dlustrations, 12s. 6d. 
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Columbia ; their History, Resources, and 
Prospects, By Marruxw Macrts, F.BG.S, 
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of Discovery in our 
‘Australasian Colonies, Australia, Tasmania, 
and New Zealand, from the Earliest Dateto 
the Present Day. By Wrutsax Howrrr. 
With 3 Maps of the Recent Explorations 
from Official Sources. 2 vols. Bvo. 286. 


1 

| qe Capitel of the ‘Tycoon; « 
| “Narrative of « 8 Years’ Residence in Japan. 
i By Sir Rormenrorp Atcock, KCB. 
ipesartetepimcaneas 


Last Winter in Rome. By C. BR 
‘Wetp. With Portrait and Engravings on 
‘Wood. Post 870, 14s, 


‘ Autumn Rambles in North 
‘Africa, By Jonx Onussy, of the Middle 
Temple, With 16 Tlostrations, Post 8v0, 
Bs. 6a. 


The Dolomite Mountains. Excur- 
sions through Tyrol, Carinthia, Carniola,and 
Friuli in 1861, 1862, and 1863. By J. 
Grazer and G. C. Cuurcumi, F.RG.S. 
‘With nomerous Tlustrations. Square crown. 
Bvo, 21s, 


A Summer Tour in the Grisons 
‘and Italian Valleys of the Bernina. By 
‘Mrs. Heer Faxanrecp. With 2 Coloared 
‘Maps and 4 Views. Post 8vo. 10s. 6d. 


Alpine Byways ; or, Light Leaves gathered 
in 1859 and 1860. By the same Anthoress, 
Post 8vo. with Iihustrations, 10s, 6d. 


' A Lady’s Tour Round Monte Rosa; 
' “including Visite to the Italian Valleys, 
‘With Mapand Ilustrations, Post 8vo. 14s, 


Guido to the Pyronces, for the use 
‘of Mountaineers. By Cranues Pacee. 
With Mapes, &c. and Appendix. Fep. 6a. 


The Alpine Guide. By Joux Barz, 
MRA. late President of the Alpine Club, 
Post 8vo. with Mapeand other illustrations, 


Guide to the Western Alpe, including 
Mont Blanc, Monte Rosa, Zermatt, &c. 
7s. 6d. 


* Guide to the Oberland and all Switser- 
land, excepting the Neighbourhoed of 
‘Monte oes and the Greet St. Bernard; 
with Lombardy and the adjoining portion 
of Tyrol. 72. 6d. 


‘NEW WORKS rceusnen sr LONGMANS Axp CO. 





Christopher Columbus ; his Life, | A Week at the Land’s End. 


Vurazes and Discoveries. Revised Edition, 
with 4 Woodcata, 18mo. 22. 6d. 


By J.T. Bucur; amisted by E. H. Roov, 
B.Q Coccn, and J. Raves. With Map 
‘and 96 Woodeats, Fep. 6s. 6d. 


Captain James Cook; his Life, | Visits to Remarkable Places: 


‘Vorazes and Discoveries Revised Edition, 
with numeroes Weodeuts, 18mo, 2x 6d. 








Ur WW. 0.8 Grist; with a Prefice | 
ty WS Ginx, DD. Sri Edition, fep. 58. 


Old Halls, Battle-Fields, and Scones iller- 
trative of Striking Passages in English 
History and Poetry. By Wruutax Howrrr. 
2 vols. square crown 8vo. with Wood Ea- 
gravings, 25s, 


‘ta | ‘The Baral Life of England. 


By the same Author. With Woodcats br 
Bewick and Williams. Mediam fro, 1%. 64, 





Works of Fiction. 


Late Laurels 
of * Wheat and Tare! 





2 vols post Sra. 15s, 
A First Friendship. [Reprinted from _, 
‘Fremr's Mepazine] Crown 8¥0. 71. 6d. 
Atherstone Priory. By L. N. Cours. 

2 vols post fro. Se 
Ellice : aTale. By the same. Post £0. 9. 6d. 


Stories and Tales by the Author 
of Amy Herbert.” uniform Edition, each 
Tale or Story complete in a single volume. 

Aur Herncet, 2c6¢ Karnarore Asntos, 

Geerecne, 262, Sed. 

Larw's Daveurse, |Marcarsr Perci- 





Pe Gk Fal, Se, 
Esrrciesceor Lirs, Laxgrox | Parsox- 
a Ge ‘AGE, 4s. 6d. 
Cunve Hau, 3e6d  Cascea, 40 62 
Ivory, 34 6 


A Glimpse of the World. By the Author 
of sAmy Herbert” Fep. 7s. 6d. 


Essays on Fiction, reprinted chiefly 
trom Keviens, with Additions, By Naesat 





Btihu Jan's Story; or, the Privaie 
Life of an Eastern Queen. By Wituaxt 
Kstentox, LL.D, Assistant-Commissioner 
in Qudb, Post 8v0. 72. 6d. 


The Six Sisters of the Valleys: 
40 Historical Romance. By W. Brawcer- 
‘Moone, M.A. Incumbent of Gerrard's Cros, 
Backs. Third Edition, with 14 Illastrations, 
Crown 8ro, 36. 


Tale. Bythe Author The Gladiators 


a Tale of Rome and 
Judea By G. J. Wavre Mavi 
Crown 8v0. 5s. 


! Digby Grand, an Autobiography. By tle 


same Aathor.” 1 vol. 5s, 


"Kate Coventry, an Autobicerapty. Br the 


came. 1 vol. 5a, 


General Bounce, or the Lady and the L- 
cust, By the same. 1 vol. 5, 


‘Holmby House, a Tale of Old Nortltss 
shire. 1 vol. 5a, 


Good for Nothing, or All Down Hil. Fv 
the sama 1 vol. Gs. 


‘The Queen’s Maries, a Romance of Hi). 
rood. 1 vol. 6e. 





‘The Interpreter, a Tale of ihe War. Bs 
the same. 1 vol. 5a, 


Tales from Greek Mythology. 
arte CdlOnsa. ont Edition. Sqeare 
1émo, Be. 6 


Tales of the Gods and Heroes. By th- 
same Author. Second Edition, Fep. Se 


‘Tales of Thebes and Argos. By the mur 
Author. Fep. 4s. 6. 





‘Tho Warden : a Novel. By Asruost 
Trotuors, Crown 8vo. 3s, td 

Barchester Towers: = fequei to ‘The 
Warden.’ By the same Author. Crews 
Sra de 


NEW WORKS rootisuey sy LONGMANS axp CO. ct 








Poetry and the Drame, 


Select Works of the British Poets; | Maclise’s Edition of Moore’s Irish 
with Biographical and Critical Prefaces by Melodies, with 161 Steel Plates from Original 
Dr. Atxtx: with Supplement, of more _ Drawings. Super-royal 8vo, 3s. 6d. 
recent Selections, by Lucy Arktx, Medium  yoore’s Irish Melodies, smo. Portrait, 
By0. 18s, ; Ia 16mo, Vignette, 22.6d. ; 

Goothe’s Second Faust. Translated , Southey’s Poetical Works, wih 

i the Author's last Corrections and copyright 
by Joux Axsten, LID. MLRLA.Regius | 4 iaiei Lbery Eden tony 
Professor of Civil Law in the University of oi —s 6a: 4 rgd g Pichi) 
Dublin. Pout Bro. iSe. ith Portrait and Viznette, 

‘4a. or in 10 vols. fep, 8s. 6d. each. 


Passo's Jerusalem Delivered, . Lays of Ancient Rome; with Jey 
translated into English Verse by Sir J. and the Armada, By the Right Hon. Lorn 
Kixastox Jaws, Kt, M.A. 2 vols. fep Macavtay, 16mo. 4a, 6d. 


with Facsimile, 14s, , Lord Macaulay's Lays of éncient 
With 90 Tlustrations ea Wood, 
" Original and from the Antique, fr 
Poetical Works of John Edmund +. me ce 
eer iuh haal lievistoe cad Additions, Drawings by G. Scutany, Pep. 4to, 21a, 
3 vola fep. 18s. or each vol. separately, 6. Poems, By Jrax Incetow. Ninth Edi. 
tion. Fep. 8vo, 5s. 


Moore’s Poetical Works, Cheapest poets, F 

on oetical We 

easgr Zenaets HeteGaese Posi Wonks of Katie ms 
‘Autobiographical Prefaces and Author’s last 
Notes, which are still copyright. Crown Playtime with the Poets: a Sclec- 
8vo. ruby type, with Portrait, 7s Gd. oF . “tion of the best English Poetry for the 
People’s Edition, in larger type, 12. 6d. of Children. By a Lapr. Crown 8vo. 5a, 


‘Moore's Fostical Works, 28 shove, Bowdler’s Family Shakespeare, 
Edition, medium vo. with Portes id am peare, 
a cheaper Genuine Edition, complete in 1 vol. 
Vignette, 14 or in 10 vols fep.3e.6d. exch gree type, with 86 Wodeat Ilusteatioon, 
price 14s. or, with the same Ir'staarions, 
Tenniel’s Edition of Moore’s in pocket vola 8s. 6d each. 
Lalla Rookh, with 68 Wool Engravings ei 
from Original Drawings and other iilwtras  AFundines Cami, sive Massrum Can- 
tons, Pep. te, Be tabrigiensiam Lusus Canori. Collegit atque 
edidit IT. Davnr. M.A. Editio Sexta, eu- 
Moore's Lalla Rookh, 3m. Plate, us. ravit HJ. Honasox, M.A. Crona 8ro. 
Tmo. Vignette, 2x. 6d, Tad. 

















Ruval Sports, §c. 





Encyclopedia of Rural Sports 

‘&Complete Account, Historical, Practical, 
Descriptive, of Hunting, Shooting, 
Fishing, Racing, &c. By D. P. Braise. 
With above 600 Woodeuts (20 from Designs 


x Leecn). 
by Jun Lneen)- Ore ate ‘The Dead Shot,orSportsman’s Complete 
Notes on Rifle Shooting. By Cap- Guide; a Treatise on the Use of the Gun, 
tain Hxatox, Adjotant of the Third Man- ' Dog-breaking, Pigeon-shooting, &c. By 
chester Rifle Volunteer Corps. Fep.2aGd.  BMAaRxanax. Fop. 8ro, with Plates, 53, 
‘ 


Col. Hawker’s Instructions to 
‘Young Sportsmen in all that relates to Guns 
and Shooting. Revised by the Author's Sox. 
‘Square crown 8vo, with Wustrations, 18s. 














NEW WORKS rvauisuup 


ur LONGMANS ano CO. 








On Food and its Digestion ; sn 
Introduction to Dieteticn. Ly W. Brnrrox, 
M.D. Physician to St. Thomas's Hos; ital, 
ec, With 48 Woodcuts, Post 8ro. 123, 


‘Wine, the Vine, and the Cellar. 
By Tomas G. Siaw. Second Ellition, 
revised and enlarged, with Frontispiece and 
31 Mlustrations on Wood. 8vo. 162. 


A Practical Treatise on Brewing ; 
‘with Formulz for Public Brewers, and In- 
structions for Private Families By W. 
Brack. 8vo, 106 6d. 


Short Whist. By Mason A. The 
‘Sixteenth Edition, revised, with an Essay 
on the Theory of the Modern Scientitie 
Game by Puor. P. Fep. 34 6, 


‘Whist, What to Lead. By Cam. 
Second Fuition. 32mo, Le. 


Hints on Etiquette and the 
Usages of Society; with a Glance at Bad 
Habits. Revised, with Additions, by a Lavy 
of Raxx. Fep, 2x. 6d. 


‘The Cabinet Lawyer; s Popular 
Digest of the Laws of England, Civil and 
Criminal. 20th Edition, extended by the 


Author; including the Acts of the Sessions | 


1963 and 1864, Fep. 100. 6d. 


General and 


An Atlas of History and Geo- 
graphy, representing the Political Stute of 
the World at successive Epocbs from the 
commencement of the Christian Era to the 
Present Time, in a Series of 16 coloured 
Maps, By J. S. Buewan, M.A. Thinl 





Edition, revised, &c. Ly B.C. Beewer, | 


LLD. Royal va. 158, 


Bishop Butler’s Atlas of Modern 
Geography, in a Series of 33 full-coloured 
Maps, accompanied by a complete Alpha- | 
betical Index. New Edition, corrected and 
enlarged. Royal 8vo. 10s, 6d. 


Bishop Butier’s Atlas of Ancient 
Geography, in a Series of 24 fall-coloured 
Maps, accompanied by a complete Accen- 
tuated Index. New Edition, corrected and 
enlarged. Royal Svo. 126, 


| 
| 














‘The Philosophy of Health ; or, an 
Exposition of the Physiological and Sanitary 
Conditions conducive to Human Longevity 
and Happinem. By Souruwoop Sirs, 
M.D. Eleventh Edition, revised and en 
larged; with 118 Woodeuts. 8ro. 15s. 


‘Hints to Mothers on the Manage- 
ment of their Health during the Period of 
Preguaney and in the Lying-in Room. By 
T. Burt, MD. Fep. bs. 

‘The Maternal Management of Children 
in Health and Disease. By the same 
Author. Fep. 5s. 


Notes on Hospitals, By Frouuyce 
‘Nioutmscare’ Third Edition, enlarged; 
with 13 Plans. Post 4to, 185, 


M. Willich’s Popular Tables 
for Ascertaining the Value of Lifehokd, 
Leasehold, and Church Property, Renewal 
Fines, &c.; the Public Funds; Anoual 
‘Average Price and Interest on Console from 
1781 to 1861 ; Chemical, Geographical, 
Astronomical, Trigonometrical Tables, &c. 
Post 8vo. 108, 


Thomson’s Tables of Interest, 
‘at Three, Four, Four and a Half, and Five 
per Cent, from One Pound toTen Thousand 
and from 1 to 365 Days. 12mo. Be. Gd. 


Maunder’s of Know- 
ledge and Library of Reference: comprising 
aa English Dictionary and Grammar, Uni- 
versal Gazetteer, Classical Dictionary, Chro- 
nology, Law Dictionary, Synopsis of the 
Peerage, useful Tables, &c. Fep. 10s. 





School Atlases. 


; School Atlas of Physical, Poli- 
tical, and Commercial Geography, in 
fall-coloured Maps, accompanied by de- 
scriptive Letterpress By E. Heones 

F.R.AS. Royal 8vo. 10s, Gd. 





Middle-Class Atlas of General 
Geography, in a Series of 29 full-coloured 
Maps, containing the most recent Terri- 
torial Changes and Discoveries. ByWaurxe 
M+Lrop, F-BGS. 410.54, 





Physical Atlas of Great Britain 
and Ireland; comprising 30 full-coloured 
‘Maps, with illustrative Letterpress, forming 
‘© concise Synopsis of British Physical Geo- 
graphy. By Watrex M'Lrop, F.RGS- 
Fep. Ato. 7s. 6d. 








NEW WORKS rcstismap sr LONGMANS 4xp CO. 





Loxasta 
Loupos’s Encyclopedia of Agriculture... 

cua oe Far 
‘and Villa Architectare 





Lectares on the History of Kag- 








Lowxpus’s Eogineer’ 
Lyra Domestica 

—— Bacbaristies.. 
— Germanica 
— Mesianiea 
— Mystica.. 
— sacra 






‘Macavay's (Lord) Essays. 
‘History of Bngian 

'—— Lays of Ancient Rome... 
Miscellaneous Writings .... 

















Macooveaut’s Theory of War 
Mansuman’s Life of Havelock .. 
McLuop’s Middle-Claes Atlas of General 











aod Ireland .. 
McCutzoci’s Dictionary of 







Y's History of England. 
‘Massixanenp’s History of the Reformation 


——— Historical Treasary 
——— Scientific and Literary Treasury ; 
— Treasary of Knowledge. 
‘Treasury of Natural History .. 
‘Macay's Physical Geography. 
‘May's Constitational History of Ragland -. 
Mutvitue’s Digby Grand 

General Bounce 






























Mexpatasonn’s Letters .. 
‘Muxzins’ Windsor Great Park «...... 
_— on Sewage. 

‘Manivave’s (H.) Colonisation and Colonies 

Historical Studies 

——— e Fallotthe Roman Repubiic 
‘Romans under the Empire 
————— on Conversion of Roman 

















on Stables... 
‘Minton Liberty 
—on Representative Government .. 
——on Uillitarianiem.. 

















M11u's Dissertations and Discussions, 
Political Economy 
‘Syatem of Logie. 

Hamilton's Philosophy 



























Irish Metodies 
——— Lalla Rookh ... 







dence .. ie 
-— Poetical Works 
‘Monext’s Elements of 











(Max) Lectares on the Science of 





(6.0) Literatore ‘of Ancient 
‘Moncaison on Continued Ferers......00. 
‘Mone’s Language and Literatare of Greece 












‘New Testament illustrated with Wood Ea 

gravings from the Old Masters 
NewaMan's History of his Religions Opinions 
Nroutimoace’s Notes on Hospitals 








Opitxo's Course of Practical Chemistry. 
‘Manas! of Chemist 
Om Rambles in Algeria and Tonia 
Ownx’s Comparative Anatoiny and Physio- 
logy of Vertebrate Animals .. 
OxexHax on Atonement... 

























Guide to the Pyrenees 

Paaer’s Lectures on Surgical Pathology 
Carnp and Cantonment. 

Pansraa’s Elements of Materia Medi 



















Geology. 

———— Introduction to Mineralogy. 

Pinsen’s Art of Perfamery ... 
Chemical, Natural, and Physical 














‘Laboratory of Chemical Wonders 
Playtime with the Poets. 
Practical Mechanic's Jouroal 
Paxscort's Seripture Difficulties 
Proctor’s Saturn ....... 
Prcnorr’s Course of Engli 
Cricket Field .. 
—— Cricket Totor:. 
Cricketana, 











:ADE’s Poetical Works .. 





Recreations of a Country Parson, SECOAD 
Sears 





Rirppie’s Diamond Latin-Koglish Dictionary 
First Sundays at Church, 























